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ABSTRACT 

Pyrolysis  and  hydropyrolysis  of  Devonian  oil  shale  from 
Kentucky  (Cleveland  Member)  using  supercritical  toluene  as 
the  solvent  was  studied  in  a  300  c.c.  stirred  batch  reactor. 
Organic  carbon  conversions  in  excess  of  160%  Fischer  Assay 
were  obtained  in  less  than  30  minutes  for  those  reactions 
occurring  above  400  C  with  hydrogen  atmospheres.  It  was 
found  that  the  overall  conversion  of  organic  carbon  to  oil 
and  gas  products  could  be  adequately  modeled  using  a  second 
order  irreversible  rate  expression.  Reactions  occurring  at 
460  C  and  300  psig  hydrogen  partial  pressure  could  be 
considered  instantaneous,  yielding  organic  carbon 
conversions  of  185%  Fischer  Assay.  The  effects  of  hydrogen 
partial  pressure  was  found  to  be  significant  for  reactions 
occuring  above  400  degrees  C.  The  selectivity  for  total 
carbon  conversion  to  oil  was  shown  to  be  high,  however  this 
value  was  dependent  on  the  reaction  temperature  and  reaction 
time.  A  characterization  comparison  between  a  pyrolysis  oil 
produced  by  Dravo  Engineers,  Inc.  and  the  oil  produced  from 
a  run  performed  at  440  C  for  10  minutes  demonstrated  that 
the  oils  were  remarkably  similar  in  their  chemical  make-up. 
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shale  converted  to  oil.  An  additional  object!  \’e,  which  was 
coupled  with  the  determination  of  reaction  parameter 
effects,  was  to  determine  an  adequate  model  which  described 
the  reaction  kinectics  of  this  system. 

The  second  objective  of  the  study  was  to  semi- 
quantitati\’el\'  cxami  the  nature  of  the  oil  products 
produced  by  the  suptrcritical  hydropyrolysis  process  and 
compare  this  to  oil  products  generated  bv  the  Dravo 
Engineers  Inc.  traveling  grate  retort. 

System  Design  Considerations 

The  system  used  in  this  study  was  designed  to  allow 
batch  reactor  data  to  be  obtained.  The  batch  reactor  was 
operated  in  a  semi- batch  mode  by  the  use  of  pressure 
assisted  injection  and  with  drawl  of  slurry  samples.  This 
was  done  in  order  to  facilitate  data  aquisition  and  to 
provide  a  means  of  obtaining  meaningful  kinetic  data.  in 
addition  the  system  was  designed  to  provide  the  following: 

1)  Rapid  heating  (3  minutes  or  less)  of  oil  shale 
slurr\'  samples  to  reaction  temperatures  in  order  to  minimize 
the  confounding  effects  of  heat-up. 

2)  Isothermal  operation  (+/-  4  C)  over  the  required 

t  i  m  e  . 

Rapid  cooling  of  the  reactor  and  contents  after 
t  lo'  required  reaction  time  had  elapsed  in  order  quench  the 


T-3097 


1  1 


EXPERIMENTAL  DEVELOPMENT 

Introducti on 

This  study  was  undertaken  with  two  principle  objectives 
in  mind.  The  primary  objective  was  to  investigate  the 
effect  of  certain  reaction  parameters  on  the  pyrolysis  and 
hydropyrolysis  of  an  Eastern  Kentucky  Devonian  oil  shale 
using  supercritical  toluene  as  the  solvent.  The  term 
hydropyrolysis  described  in  this  study  refers  to  the  thermal 
decomposition  and  recovery  of  the  oil  shale  kerogen  in  the 
presence  of  gas  phase  molecular  hydrogen.  The  distinction 
between  this  study  and  other  hydropyrolysis  studies  of 
Kentucky  oil  shale  is  the  use  of  supercritical  toluene  as 
the  solvent.  The  use  of  a  dense  gas  medium  as  the 
extraction  vehicle  has  been  shown  to  be  very  effective  in 
other  oil  shales  (33)  and  is  the  basis  for  incorporating  it 
into  this  study. 

The  reaction  parameters  studied  in  this  investigation 
were  reaction  temperature,  reaction  time,  and  initial 
hvdrogen  partial  pressure.  The  effect  of  each  of  these 
parameters  was  measured  by  respective  variances  in  organic 
carbon  conversion  and  oil  selectivity.  The  term  organic 
carbon  conversion  refers  to  conversion  to  oil  plus  gas  of 
the  no n - c a r bo n a t e  carbon  contained  in  the  oil  shale.  Oil 
select! v it  V  refers  to  the  fraction  of  carbon  in  the  feed 


increasing  the  quality  of  the  oil  extracted  from  the  shale. 

Pyrolysis  in  supercritical  fluids  has  proven  to 
etfective  in  other  shales  but  the  operating  conditions  for 
the  production  of  oil  from  Kentucky  shales  still  needs  to  be 
optimized  for  it  to  be  a  viable  alternative  to  crude  oil. 

Finally,  shale  oil  characterization  is  critical  to  the 
technological  development  in  terms  of  required  processing 
and  refining.  By  specifying  the  major  constituents  of  the 
shale  oil  it  will  be  possible  to  determine  possible  end-use 
applications  and  any  harmful  effects  that  the  processing  and 
use  of  this  particular  shale  oil  might  have  on  man  and  the 


environment  . 
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pressure  the  solvent  displayed  increased  extraction  power. 
Maddox  (32)  reported  that  this  phenomenon  has  been 
successfully  applied  to  coal  where  high  boiling  coal 
components  were  extracted  without  significant  degradation  by 
using  toluene  at  approximately  400  C.  Baldwin  (33) 
investigated  using  supercritical  toluene  in  a  hydrogen 
atmosphere  to  extract  the  organic  material  from  Stuart  A  oil 
shale  and  reported  achieving  yields  of  160  per  cent  of 


Fischer  Assay.  Scinta  (34)  and  McKay  (7,35)  have 
investigated  the  use  of  supercritical  extraction  on  eastern 
oil  shales  and  Green  River  shales  and  reported  the  recovery 
of  75  to  85  percent  of  the  organic  carbon  utilizing  heptane, 
ethanol  and  water  mixtures,  and  tetralin  and  water  mixtures 
as  the  supercritical  solvents. 


Cone  fusion 

The  proceeding  discussion  and  literature  cited  indicate 
the  feasibility  of  organic  carbon  extraction  from  oil  shale 
t)v  contacting  the  shale  with  supercritical  toluene  in  a 
hydrogen  atmosphere.  The  supercritical  fluid  enables  the 
extraction  process  to  occur  at  much  less  severe  conditions 
than  those  required  for  retorting,  thus  a  decrease  in  gas 
production  and  an  increase  in  oil  formation  is  achieved. 
The  hydrogen  atmosphere  acts  as  a  free  radical  scavenger  and 
inhibits  cracking  and  condensation  reactions,  thus 
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Assay  is  a  commonly  referred  to  standard  to  measure  the 
recoverable  organic  material  in  a  shale.)  Greene  (24)  was 
granted  a  patent  for  a  process  he  developed  in  which  a 
mixture  of  oil  shale  and  tetralin  was  reacted  in  the 
presence  of  hydrogen  at  pr-essures  from  10-200  atmospheres 
and  temperatures  of  300-650  C.  Greene  reported  that  high 
yields  of  liquid  hydrocarbons  boiling  between  40  and  500  C 
were  obtained  and  that  hydrocarbon  gas  formation  was  reduced 
compared  to  conventional  retorting.  Gregoli  (25)  utilized  a 
solids  upflow  fluidized  bed  reactor  to  study  thermal 
solution  at  operating  temperatures  of  600  to  900  F,  initial 
hydrogen  pressures  of  50  to  300  psig  and  residence  times  of 
12  minutes  to  2  hours.  He  reported  an  increased  liquid 
product  saturation  and  stability  compared  to  conventional 
retort  products . 

Results  on  thermal  solution  applied  to  an  Australian 
oil  shale  using  tetralin  and  toluene  have  also  been 
published  by  Baldwin  (26,27),  Frank  (28),  Bennett  (29)  and 
Winkler  (30). 

A  variation  of  the  thermal  solution  process  receiving 
recent  attention  by  researchers  has  been  processes  where  the 
processing  temperature  exceeded  the  critical  temperature  of 
the  solvent.  Williams  (31)  observed  that  when  certain 
solvents  arc  used  above  their  critical  temperature  and 
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solvents  such  as  coal  tar  naptha,  petroleum  kerosene, 
tetralin,  quinoline,  and  torbanite  crude  oil  distillate. 

Russian  researcher  D'yakova  (19,20,21)  studied  the 
effects  of  various  solvents  on  the  thermal  solution  process 
and  reported  yields  of  72  to  96  per  cent  of  the  organic 
material  of  seven  different  shales  at  temperatures  between 
380  and  430  C.  The  solvents  utilized  in  his  studies 
included  anthracene  oil,  tetralin,  petroleum  fuel  oil, 
diesel  fuel,  hydrogenated  shale  tars,  and  shale  oil 
distillate. 

Recently  several  researchers  have  explored  the  thermal 
solution  process  with  simultaneous  hydrogenation  of 
extraction  products.  Jensen  (22)  conducted  extensive  bench 
scale  studies  in  a  batch  reactor  in  which  the  thermal 
solution  process  was  performed  in  the  presence  of  hydrogen 
gas  at  pressures  of  2000  psig.  He  was  able  to  extract  100 
per  cent  of  the  oil  shale  organic  matter  at  temperatures  of 
650  F  and  reaction  times  of  110  minutes.  The  solvents 
utilized  for  his  study  included  petroleum  kerosene, 
quinoline,  anthracene  oil,  and  shale  derived  gas  oil. 
Patzer  (23)  also  studied  the  thermal  solution  process  in  a 
batch  reactor.  Utilizing  organic  solvents  and  shale  oils  at 
temperatures  between  385  and  440  C,  he  reported  organic 
conversions  up  to  138  per  cent  of  Fischer  Assay .  (  Fischer 


T-30P7 


6 


L' 


k 

y'.  • 


benzene  and  chloroform. 

Of  the  numerous  patents  granted  in  the  early  1900's  in 
the  l\S.  for  work  done  on  the  thermal  solution  process  those 
granted  to  Ryan,  Day,  and  Hampton  are  the  most  noteworthy. 
Ryan  (15)  developed  a  process  in  which  finely  ground  oil 
shale  was  digested  in  an  oil  bath  at  temperatures  between 
600  and  700  F.  The  temperatures  employed  in  this  study, 
although  close  to  retorting  temperatures,  were  considered 
low  enough  to  avoid  the  problems  of  thermally  degrading  the 
extracted  kerogen.  The  process  developed  by  Day  (16)  was 
similar  to  Ryan's  in  that  it  utilized  a  heated  oil  bath  to 
extract  the  kerogen  from  the  oil  shale,  however  it  differed 
b\'  the  rc'torting  of  the  spent  shale.  The  process  developed 
by  Hampton  (17)  was  also  similar  to  R van's  with  the 
exception  that  steam  was  mixed  with  the  oil  bath  vapors  to 
allow  the  mixture  to  crack  at  temperatures  above  700  F. 

In  the  194(i's  Australian  and  Russian  researchers  began 
publishing  articles  outlining  their  successes  in  extracting 
organic  matter  with  various  solvents  from  different  forms  of 
oil  shale. 

Dulhunty  (18)  reported  his  successes  in  the  solvent 
processing  of  torbanite,  which  is  a  richly  organic  form  of 
oil  shale.  He  concluded  that  the  thermal  extraction  of 
torbanite  above  350  C  was  the  most  effective  using  aromatic 
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the  gas  phase  molecular  hydrogen  acting  as  a  free  radical 
scavenger  which  significantly  inhibits  both  reactions. 

In  an  attempt  to  mitigate  the  inherent  inefficiencies 
of  the  retorting  processes,  interest  in  the  process  of 
thermal  solution  has  been  renewed.  Thermal  solution  could 
be  considered  a  combination  of  both  solvent  extraction  and 
pyrolysis  because  it  is  a  process  in  which  the  oil  shale  is 
heated  in  the  presence  of  a  solvent  and  the  solubilized 
conversion  products  are  extracted.  The  main  advantage  that 
the  thermal  solution  process  presents  over  the  retorting 
process  is  that  the  energy  requirements  for  the  process  can 
be  significantly  less  due  to  the  lower  operating 
temperatures  characteristic  of  thermal  solution  processes. 

The  majority  of  the  investigations  dealing  with  the 
application  of  the  thermal  solution  process  to  oil  shale 
have  been  focused  on  determining  the  effects  of  varying 
operating  conditions  and  solvents  on  the  conversion  of 
kerogen  and  the  structure  of  resulting  products. 

Gavin  and  Aydelotte  (8)  reported  that  the  organic 
matter  in  the  oil  shale  could  be  extracted  in  high  yield 
using  several  solvents  at  or  near  their  boiling  points  in  a 
Soxhlet  extraction  aparatus.  Both  polar  and  non-polar 
solvents  were  employed  in  their  investigation  and  included 
carbon  tetrachloride,  carbon  bisulfide,  acetone,  ether. 
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centuries,  and  involve  heating  the  oil  shale  either  directly 
or  indirectly  to  temperatures  in  excess  of  750  F  in  the 
absence  of  oxygen  to  allow  the  kerogen  to  pyrolize  or 
thermally  decompose.  The  retort  product  gases  contain  oil 
mist  and  vapors  which  are  collected  in  an  oil  and  gas 
recovery  system.  A  variation  of  the  basic  retorting  process 
has  been  the  development  of  a  process  called  hydrotor ting  . 
This  involves  retorting  the  oil  shale  in  a  hydrogen 
atmosphere  and  been  shown  for  certain  shales  to  produce 
higher  oil  yields  than  conventional  retorting.  Of  the 
processes  developed  to  date  only  the  pyrolysis  and 
hydropyrolysis  processes  have  received  the  necessary 
attention  required  for  developing  them  comercially  (13). 
Unfortunately,  due  to  the  nature  of  the  pyrolytic  chemical 
reactions  taking  place,  retorting  processes  are  considered 
inefficient.  Principally  these  inefficiencies  result  in  low 
carbon  conversions  to  oil  due  to  free  radical  reactions, 
such  as  cracking  and  condensation.  Cracking  reactions 
result  in  the  production  of  gas  at  the  expense  of  oil 
formation  while  condensation  reactions  result  in  the 
undesireable  formation  of  coke  on  the  spent  shale  (14). 
However,  in  the  presence  of  hydrogen  oil  shale  pyrolysis  has 
been  shown  to  be  less  susceptible  to  these  coke  forming  and 
cracking  reactions.  This  thought  to  be  the  direct  result  of 
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deposition  of  organic  rich  sediments  which  were  preserved  in 
anaerobic  and  azoic  conditions  (4). 

Currently,  the  biggest  problem  associated  with 
exploiting  these  vast  resources  of  oil  shale  has  been  the 
development  of  a  process  which  can  efficiently  and 
economically  convert  the  oil  shale  into  useable  petroleum 
products.  The  main  objective  of  any  conversion  process  is 
the  efficient  extraction  of  the  organic  material  contained 
in  the  shale,  commonly  referred  to  as  kerogen.  Based  on 
several  studies  it  has  been  postulated  that  kerogen  is: 

"an  amorphous,  highly  disordered,  cross-linked 
mac r omo 1 ec u  1  a r  complex  in  which  the  main  elements 
are  inherently  cyclic  in  nature,  with  numerous 
primarily  paraffinic  cross  links  bridged  to 
both  organic  and  inorganic  molecules."  (6) 

The  processes  which  have  been  able  to  dislodge  the 
kerogen  with  varying  levels  of  success  can  be  classified 
into  the  following  main  catagories,  solvent  extraction, 
retorting  and  thermal  solution. 

The  solvent  extraction  process  attempts  to  solubilize 
the  kerogen  away  from  the  inorganic  matrix  in  various 
solvents.  Several  attempts  have  been  made  to  extract  the 
kerogen  with  conventional  organic  solvents,  both  polar  and 
non-polar,  however  the  kerogen  has  been  shown  to  have  very 
low  solubility  at  low  temperatures  (7,8,9,10,11,12). 

Retorting  processes  have  been  known  for  over  two 
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Figure 


Location  of  Oil  Shale  Deposit 
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INTRODUCTION  AND  LITERATURE  SURVEY 

Oil  shale  is  potentially  one  of  the  largest  sources  of 
recoverable  hydrocarbons  in  the  world  today.  In  the  United 
States  alone  it  is  estimated  that  there  are  resources  of 
shale  oil  in  excess  of  85  trillion  gallons  (1).  Of  the 
known  resources  in  the  U.S.,  the  U.S.  Geological  Survey  has 
estimated  that  there  are  400  billion  barrels  of  recoverable 
shale  oil  in  the  eastern  portion  of  the  U.S.,  with  figures 
as  high  as  2600  billion  barrels  for  probable  extensions  of 
these  known  resources  (2). 

Of  these  eastern  resources  the  black  Devonian  oil 
shales  have  received  a  great  deal  of  interest  for  their 
potential  as  a  viable  source  of  petroleum  feed  stocks. 
Factors  that  have  encouraged  this  interest  include  the 
vastness  of  the  resource  and  its  closeness  to  markets  and 
supporting  infrastructure  (2).  Of  special  interest  to  this 
thesis  is  the  Devonian  shale  from  the  Cleveland  Member  of 
the  Ohio  Shale,  Montgomery  County,  Kentucky.  The  location 
of  this  deposit  is  shown  in  Figure  1. 

The  oil  shale  contained  in  this  deposit  is  of  the  late 
Devonian  age  and  its  sedimentary  characteristics  indicate  it 
was  deposited  in  an  equatorial,  inland  epicontinental  sea  - 


the  Chattanooga  Sea  (3,4,5).  The  organic  material  contained 
in  the  oil  shale  is  thought  to  have  been  derived  from  the 
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Conditions 

Phase  On e 

Phase  one  of  the  experimental  program  was  structured  to 
accomplish  three  objectives.  The  first  was  to  establish  a 
standard  operating  procedure  which  would  yield  reproducible 
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results.  Once  the  procedure  was  established  it  was 
necessary  to  determine  the  maximum  and  minimum  temperatures 
to  be  investigated.  The  minimum  temperature  was  established 
by  determining  the  lowest  temperature  at  which  appreciable 
organic  carbon  conversion  occurred.  This  was  determined  to 
be  350  C.  The  maximum  temperature  was  established  by 
determining  both  the  point  where  organic  carbon  conversion 
dropped  off  with  increased  temperature  and  the  point  at 
which  the  toluene  solvent  became  unstable.  Toluene 
instability  was  of  concern  because  it  made  oil  selectivity 
calculations  meaningless.  Temperatures  as  high  as  500  C 
were  investigated,  but  in  order  to  insure  the  above  criteria 
the  maximum  temperature  employed  in  the  experimental  program 
was  450  C.  With  this  temperature  range  defined  the  three 
dimensional  matrix  shown  in  Table  1  was  developed.  By 
performing  the  experiments  outlined  in  this  matrix  the  final 
objective  of  Phase  I,  that  of  studying  the  effects  of  time, 
temperature  and  hydrogen  partial  pressure,  was  accomplished. 

Phase  Two 

Phase  two  was  performed  to  demonstrate  the 
reproducibility  of  the  organic  carbon  conversion  data  at 
elevated  temperatures  and  short  reaction  times. 


5 


10 

60 

300+ 

300 

800 

800 

450 

300 

300 

800 

800 
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Phase  Three 

The  goal  of  phase  three  was  to  determine  the  reaction 
conditions  which  optimized  oil  yield  using  the 
hydropyrolysis  process.  In  addition  phase  three  was 
executed  to  determine  useful  kinetic  information  for  this 
process.  In  order  to  accomplish  these  goals  the  three 
dimensional  matrix  shown  in  Table  2  was  developed  and 
fol lowed . 


Phase*  Four 

Phase  four  was  carried  out  in  order  to  facilitate  a 
comparison  between  the  oil  produced  by  the  supercritical 
h  y  drop  yrol\' sis  process  and  the  oil  produced  by  the  Dravo 
process.  The  procedure  used  to  separate  the  product  oils 
into  concentrated  fractions  was  a  modification  of  the 
procedure  de\' eloped  for  the  chemical  characterization  of 
shale  oil  from  Condor, Australia  (36).  Characterization  of 
the  oil  samples  was  done  by  identifying  the  major 
constituents  of  the  concentrated  fractions  using  gas 
chromatography  (G.C.)  and  gas  chromatography /mass 


spectrometry  (G.C./M.S.). 


Table  2 


Phase  III  Experimental  Matrix 


Reaction  Time 


(min  .  ) 


Reaction 
Temperature 
(  C  ) 


0+ 

5 

30 

380 

300 

300 

300 

400 

300 

1 

300/50 

300/50 

420 

300 

300 

300 

440 

300 

300/50 

300/50 

460 

300 

300/50 

300/50 

1-  Initial  hydrogen  partial  pressure  (psig)  of 

reaction  system.  Those  runs  with  an  initial 

hydrogen  partial  pressure  of  50  had  an  initial  total 
pressure  of  300  where  the  balance  was  helium. 


L 
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APPARATUS  AND  MATERIALS 

Apparatus 

All  experimental  runs  were  performed  in  a  300  c.c., 

stirred,  batch  autoclave  reactor,  manufactured  by  Autoclave 
Engineers,  Inc..  A  variable  speed  stirrer,  central  baffle, 
coiling  coil  and  thermowell  extended  into  the  reactor.  The 
impeller  was  driven  by  a  variable  speed  motor  and  monitored 
by  a  magnetic  detection  ring  and  tachometer.  Connected  to 
the  reactor  was  a  75  c.c.  injection  vessel.  Figure  2  shows 
a  schematic  of  the  reactor  and  associated  piping  used  in  all 
experimental  runs. 

The  reactor  temperature  was  monitored  by  a  J-type 
thermocouple  which  was  inserted  Into  the  reactor  thermowell. 
It  was  connected  to  a  Lawson  Labs  Model  20  Thermocouple 
Amplifier  in  combination  with  the  Model  14  Analog  Interface 
(A/D)  card  which  allowed  an  Apple  II  computer  to  be  used  as 
a  multi-channel  thermometer.  The  A/D  converter  was  able  to 
resolve  one  millivolt  signals  throughout  its  range  of  -4.864 
to  4.864  volts  and  was  able  to  perform  12  conversions  per 
second.  The  Thermocouple  Amplifier  was  accurate  to  one 
degree  C  with  the  aid  of  a  linearization  program,  written  in 
basic,  for  the  J-type  thermocouple.  See  Appendix  E  for  a 
copy  of  the  linearization  program. 

The  reactor  was  heated  b\-  a  jacket  type  heater,  which 
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delivered  1.2  kw  from  a  115  A.C.  electrical  source  and  was 
manufactured  by  Autoclave  Engineers,  Inc..  The  heater  was 
raised  and  lowered  by  a  Jaxline  electonically  controlled 
scissors  jack  manufactured  by  Precision  Scientific  Group. 

The  heater  temperature  was  monitored  by  a  J-type 
thermocouple  connected  to  a  Lawson  Labs  Model  24  Control 
Module  in  combination  with  the  Model  14  A/D  card  and  the 
Model  20  Thermocouple  Amplifier. 

The  temperature  in  the  reactor  was  monitored  and 
controlled  by  the  Apple  computer.  This  was  achieved  by  the 
automatic  flow  of  cooling  water  through  the  reactor  cooling 
coil  when  the  reactor  temperature  exceeded  an  established 
setpoint  and  by  controlling  the  voltage  output  to  the 
heater  with  the  aid  of  a  computer  program.  See  Appendix  D 
for  a  listing  of  the  program. 

The  gas  delivcrv  system  consisted  of  cylinders  of  pure 


h  c'  1  i  u  m 

and  a 

h  V  d  r  o  g  e  n 

/krypton  (99% 

/1%) 

mixture, 

,  two 

pressure 

r  e  g  u  1  a  t 

o  r  s  , 

a  reciprocating  compressor,  316  stainless  steel 

tubing 

(  1/8 

and  1/4 

inch  d iameter  )  , 

W  h  i  t  e  y 

and 

'  Snotrik 

valves 

and 

Swagcl ok 

fittings. 

The 

hydrogen 

was 

used  to 

flush 

air 

out  of  the  system  and 

to 

pressurize  system  to 

reaction  conditions 

while  the 

he  1  i 

um  was 

used 

as  the 

i  n  j  e  c  t  i 

on  mo 

d  i  u  m  . 

Reaction  pressure  wa'.  monitored  bv  a  Model  AECI-5000 
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digital  pressure  indicator  system,  manufactured  by  Autoclave 
Engineers  Inc..  The  system  used  a  standard  transducer  which 
had  a  pressure  range  of  0  to  5000  psig  and  displayed 
pressure  readings  in  1  psig  increments. 

The  post-reaction  gas  sampling  system  consisted  of  an 
Ashcroft  Maxisafe  pressure  gauge  with  a  pressure  range  of 


0-600  pjig,  Whitey 

valves,  316 

stainless 

steel 

tubing , 

Swagelok  fittings, 

one  500  c . c . 

stainless 

steel 

sample 

cylinder  and  two 

one  gallon 

stainless 

steel 

sample 

cylinders. 

Materials 

Oil  Shale 

The  oil  shale  used  was  from  the  Cleveland  member  of  the 
Ohio  Shale,  Montgomery  County,  Kentucky.  The  shale  was 
collected  from  a  channel  in  a  quarry  face,  and  was  about  25 
feet  below  the  top  of  the  Cleveland  Member.  The  weathered 
shale  was  first  removed  from  the  quarry  face,  the  sample 
collected,  immediately  wrapped  in  plastic  and  placed  in  a 
water  filled  container.  The  oil  shale  was  provided  by 
Breckenridge  Minerals,  Inc.,  of  Lexington,  Kentucky. 

The  shale  was  vaccum  dried  at  100  C  for  one  week  and 
was  then  crushed  progressively  and  screened  to  yield  a  -170 
-  +20 C'  mesh  (88  to  74  micron  diameter)  particle  product. 
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The  oil  shale  was  then  stored  in  a  vaccum  prior  to  use  in  an 
experimental  run.  The  modified  Fischer  Assay  of  the  feed 
shale  used  in  this  study  is  shown  in  Table  3.  Table  4  gives 
the  ultimate  analysis  of  the  same  shale.  Typical 

composition  of  the  inorganic  matter  in  Devonian  shale  is 
given  in  Table  5. 

Shale  Oil 

The  shale  oil  used  for  characterization  was  generated 
at  440  C,  300  psig  of  hydrogen,  and  reaction  time  of  10 
minutes.  The  oil  used  for  comparison  was  provided  by  Dravo 
Kngineers  Inc.  and  was  generated  using  the  Dravo  traveling 
grate  retort. 

Solvents 

The  solvent  used  in  the  reaction  process  was  toluene. 
Solvents  used  in  the  characterization/separation  scheme 
included  ether,  chloroform,  d ichl or ometane  ,  hexane, 
methanol,  n-pentane,  and  cyclohexane.  A  listing  of  the 
solvents  used  along  with  grade  of  purity  and  source  is  given 
in  Table  b . 
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Table  3^ 

Modified  Fischer  Assay  of  Kentucky  Oil  Shale 


F  i  s  c  h  e  r  A  s  s  a  y  ^  ^ 

7spcnt  shale  %oi 1  %H 2  0  %gas  +  oil  oil.GPT  O.C.Cr 

.b  4.6  1  .  5  2.3  1  1.6  31.6 


1-  An£ilysis  by  Commercial  Testing  and  Engineering  Co., 
Golden,  Colorado. 

2-  F  organic  carbon  conversion  to  oil  by  Fischer  Assav 
procedure. 


Table  ^ 

I4timatc  Analysis  of  Kentucky  Oil  Shale 


Components  in  weight  per  cent 
Car’' on  Hydrogen  Nitrogen  Sulfur 

2.15 


A  s  h 


9 . 9  1 


1.17 


.  2  6R 


S3  .  Ob 
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Table  5 


Typical  Composition  of  the  Inorganic  Matter  in 
Devonian  Oil  Shale 


Chemical 

formula 

Mass 

Dol omite 

(Mg,Fe)Ca(C03 

— 

C  a  1  c  i  t  e 

CaCO  3 

— 

Quartz 

Si02 

28 

1 1 1  i  t  e 

Potassium  aluminum 
silicates 

40* 

A  1  b  i  t  e 

NaAlSi30(j, 

— 

Feldspar 

KAl Si303 

12 

P  y  r  i  t  e  , 

Marcasitc 

F  e  S  0 

14 

A  n  a  1  c  i  n  e 

Sodium  alumi num 
si  1  icates 

— 

Other 

— 

_ 6 

TOTAL 

100 

Includes  kaolinite  (hydrous  aluminum  silicates  and 
muscovite  (potassium  aluminum  silicates)) 
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Table  6 

List  of  Solvents  used  for  Cha r ac t er i za t i on / S e pa r a t i on 


Type 

Pur  i  t  V  (%) 

Source 

Toluene 

99.9 

Fisher 

Scientific 

Dichloromethane 

99.9 

Fisher 

Scientific 

Cyclohexane 

99.8 

Fisher 

Scientific 

Ethyl  Ether 

99.9 

Fisher 

Scientific 

Chloroform 

99.9 

Fisher 

Scientific 

Methanol 

99 . 9 

Fisher 

Scientific 

n-Pentane 

99.0 

Fisher 

Scientific 

He  xan  e 

97 . 5 

Fisher 

Scientific 
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EXPERIMENTAL  AND  ANALYTICAL  PROCEDURES 

Run  Procedure 

The  stirrer  motor  and  pressure  indicators  were  turned 
on  and  gi\'en  time  to  warm  up.  Solvent  (50  g)  was  weighed 
and  charged  into  the  reactor  through  the  injection  system 
and  injection  valve  closed.  The  system  was  purged  twice 
with  600  psig  of  the  hydrogen  gas  mixture  and  then  charged 
to  the  desired  cold  initial  pressure.  Next,  the  heater  was 
raised,  reaction  set  point  entered  into  the  computer, 
stirrer  turned  on  to  200  r pm  and  temperature  control  system 
turned  on. 

Feed  shale  (25  g)  an"*  solvent  (50  g)  were  weighed  into 
a  beaker  and  placed  on  magnetic  drive  stirrer  to  suspend  the 
siiale  particles  in  slurry  prior  to  injection.  A  sample  (1-2 
gi  of  tlie  feed  shale  was  placed  in  a  sealed  container  for 
tuturc  .in.'il\sis.  The  iniection  compressr-  was  turned  on  and 
i  ii  e  injection  surge'  tank  was  filled  with  h  i  g  li  pressure 
h  1  i  U  H;  . 

Wiien  the  reactor  reached  reaction  temperature  the  slury 
was  poured  into  the  inje-ction  vessel.  The  injection  vessel 
wa-'  sealed  and  purged  twice  with  500  psig  of  helium.  The 
in]i'cti'’n  svstem  pressure  regulator  was  set  to  1650  psig, 
which  w  a :  sufficient  to  provide  adequate  injection 

\  (  r  p  r  e  s  u  r  (  tor  all  reaction  temperatures  investigated. 
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F  1  R  u  r  c  ]_ 

Typical  2  Component  Calibration  Gas  Results 


RT 

AREA 

TYPE 
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12  36 
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14  48 
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^8 
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25  83 
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BP 
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76314 

PB 
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BB 

31.16 

1006 

PB 

31  28 
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PV 

31  91 
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27  47 


Response  Factors 


AMT  AMT /AREA 

9  900AE+01  2  1514E-05 

I  0ee0E+^0  1.9938E-0b 


>  ^  n  AL  d  ? 


30  4  7 


Figure*  b 


Typical  4  Component  C'alibration  Gas  Results 
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Figure  4 


Typical  Gas  Chromatogram  of  Experimental  Run 
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components  with  their  respective  peak  areas  and  area 
percentages.  Figure  4  shows  a  typical  printout  of  the  gas 
product  generated  in  an  experimental  run. 

The  mole  percentages  of  the  component  gases  were 
calculated  using  the  respective  component  response  factors. 
Response  factors  were  determined  with  the  use  of  standard 
calibration  gases.  Figure  5,6,  and  7  show  typical 
calibration  results. 

Liquid  Products 

The  fractionated  oil  samples  generated  during  the 
separation  procedure  were  analyzed  with  equipment 
manufactured  by  Hewlett  Packard.  A  Model  HP  5970A  Mass 

Selective  Detector  in  conjunction  with  a  Model  5890  Gas 
('hromat  ograph  was  utilized  to  perform  M.S.  (Mass 
Spc'ctrometry)  and  G.C.  (Gas  Chromatography)  on  each  of  the 
liquid  fractions.  These  were  interfaced  to  an  HP  9133 
computer  equipped  with  a  15  megabyte  hard  disk  and  the  HP 
(tC/M5-MSD  Operating  Software.  The  major  constituents 
of  each  of  the  liquid  fractions  were  identified  by  utilizing 
the  HP  59973  NBS  Mass  Spectral  Library.  Figure  8,9,  and  10 
show  typical  printouts  of  the  analyses  performed  by  the 
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Instrumental  Analysis 

Solid  Products 

Carbon  analysis  of  the  all  feed  and  spent  shale  samples 
was  performed  with  equipment  manufactured  by  Coulometrics, 
Tnc..  A  Model  5010  carbon  dioxide  coulometer  in  conjunction 
with  a  Model  5030  carbonate  carbon  (CO-,)  apparatus  and  Model 
5020  total  carbon  analyzer  were  used  to  measure  the 
inorganic  and  total  carbon  contents. 


Ash  content  was  determined  for  all  feed  and  spent  shale 
samples  by  a  variation  of  the  ASTM  procedure  D3174-82.  A 


weighed 

sample 

was 

placed 

in  a  cold 

muffle 

furnace,  heated 

to  8C'0 

C 

and 

ashed 

for  3-4  hours. 

The  ash  content 

was  calculated 

b  y 

the  d  i 

viding  net 

weight 

of  the  shale 

sample  after  ash 

i  ng 

by  t  h  e 

net  weight 

of  the 

sample  prior  to 

ashing 

which  i 

s  i 

n  accordance  w  i 

th  the 

accepted  ASTM 

p  r  o  c  (’  d  u  r  (■  listed  a  b  o  v  e  . 

Gas  P r  o  d u c  t  s 

Anal  vs  is  of  the  gaseous  reaction  products  was 
performed  with  a  Carle  Model  111-H  gas  chromatograph 
equipped  with  a  Hewlett  Packard  Model  3390A  integrator.  The 
gases  that  were  quantified  included  hydrogen,  krypton, 


hydrocarbon  gases  (through  C4),  hydrogen  sulfide  and  carbon 
oxide  gases.  The  integrator  output  identified  the  above 
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Table  1_ 

Open  Column  Chromatography  Elution  Scheme  with  23  grams  of 
Alumina  on  top  of  58  grams  of  Silica  Gel 


Fraction  ^ 
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ume  ( ml  ) 

Group 
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2 

^■6 

35 
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3 

^6 

10 

4 
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40 

Dienes 

G 

100 

Start  of 
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7 

85 

8 

50 

9 

50 

10 

f'b 

100 

1  1 
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30 

1  2 
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2(' 

ClI  3OH 
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Fxtraction  Scheme 
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THl'  technique  utilized  was  a  slightly  modified  vt-rsioii  of 
the  separation  procedure  used  by  Rovere  (36)  to  characterize 
the  shale  oil  from  Condor,  Australia.  A  flow  chart  of  the 
extraction  scheme  is  provided  in  Figure  3,  while  Table  7 
outlines  the  elution  scheme. 


T- 3097 


29 


pentane,' oil  mixture  was  then  decanted  into  sealed  containers 
for  future  analysis. 

The  spent  oil  shale  was  washed  with  excess 
dithlorom ethane,  sonicated  for  5  minutes,  centrifuged  for  5 
rranutes  at  5000  rpm  and  the  dichloromethane  was  decanted. 
Ifiis  procedure  was  performed  twice.  After  the  second 
Wcishing  the  spent  shale  was  Soxhlet  extracted  in 
diclilorometane  in  order  to  wash  any  residual  oil  from  the 
sfiale.  The  shale  was  washed  three  times  in  this  system. 
The  washed  shale  was  then  placed  in  an  oven  and  dried  for  24 
hours  at  100  C  and  ambient  pressure.  The  resultant  solid 
product  was  fine-ground  and  retained  in  a  sealed  container 
for  future  analysis. 

The  reactor  system  was  eventually  cleaned  by  flushing 
the  system  with  acetone  until  there  was  less  than  one 
hundreth  of  a  gram  of  shale  left  in  the  reactor  system. 

Shale  Oil  Separation  Procedure 

From  previous  attempts  at  characterizing  shale  oils  by 
other  researchers  it  has  been  documented  that  separating  the 
parent  oil  into  its  component  fractions  was  necessary  to 
effectively  identify  the  compounds  present  in  the  oil.  For 
this  reason  the  parent  oil  was  separated  into  the  following 
fractions,  acids/phenols,  bases,  alkanes/napthenes,  alkenes. 


dienes,  aromatics,  nitriles,  ketones  and  polymeric  material. 
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after  the  initiation  of  cooling.  This  was  determined  to  be 
the  temperature  at  which  little  or  no  reaction  occurred, 
Uhen  the  reaction  system  had  completclv  cooled  and  reached 
thermal  equilibrium  with  the  surroundings,  the  pressure  and 
temperature  were  noted  prior  to  gas  sampling.  The  gas 
sampling  system  was  connected  after  the-  three  sample 
cylinders  had  been  evacuated.  The  gas  sampMng  Vcilve  was 
opened  and  the  gas  product  was  allowed  to  expand  into  the 
increased  volume  of  the  sample  evlinders.  Th('  sampling 
volume  was  designed  to  be  large  enough  to  force  the 
equilibrium  pressure  to  be  atmospheric.  After  equilibration 
the  pressure  was  noted  and  the  500  cc  sample  evlinder  was 
sealed  and  set  aside  for  future  aneV'^is. 

The  reactor  was  then  charged  with  helium  (50-70  psig) 
in  order  to  force  the  reacted  slurrv  out  of  the  reactor. 
The  resultant  slurry  product  was  then  collected  and 
centrifuged  for  5  minutes  at  5000  rpm. 


After  centrifugation  the  toluene/oil  products  solution 
was  decanted  and  evaporated  on  a  rotary  evaporation  system 
at  70  C  and  a  vaccum  until  all  recoverable  toluene  was 
removed.  The  distillate  from  the  evaporation  was  collected 
and  a  sample  was  placed  in  a  sealed  container  for  future 
analysis.  The  oil  product  which  remained  was  then  washed  in 
n- pentane  to  separate  the  oils  from  the  asphaltenes.  The  n- 
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After  the  injection  system  was  pressurized  the  injection 
valve  was  opened  and  the  slurry  was  forced  into  the  reactor. 
The  injection  valve  was  closed  and  the  stirrer  was  turned 
up  to  1000  rpm.  Due  to  the  cooler  temperature  of  the 
slurry,  the  temperature  of  the  reactor  spiked  down  but  re¬ 
equilibrated  within  3  minutes.  After  injection  the 
temperature  and  pressure  of  the  system  were  recorded  every 
minute  until  the  reactor  temperature  incresed  to  within  10 
degrees  of  the  desired  reaction  temperature. 

While  the  reaction  progressed  the  injection  vessel  was 
disconnected  from  the  system  and  was  washed  with  acetone  to 
remove  all  uninjected  slurry.  This  uninjected  shale  was 
collected,  centrifuged,  df' can  ted,  dried  anti  weighed. 

Reaction  time  began  when  the  reaction  s\'tcm  reached  10 
degrees  below  the  desired  reaction  temperature.  This  was 
done  to  minimize  the  effects  of  heat  up  time  on  the 
con\'crsion  to  products.  After  the  desired  reaction  time  had 
elapsed  forced  convection  was  used  to  quickl\'  cool  the 
reactor  in  order  to  stop  the  reaction.  The  heater  was 
lowered,  a  high  speed  fan  turned  on  and  a  new  set  point 
entered  into  the  computer.  The  new  set  point  automatically 
turned  on  the  cooling  water  through  the  coils  in  the  reactor 
and  turned  off  the  \-  o  1 1  a  g  e  output  to  the  heater.  The  system 
was  conlc'd  to  at  least  35(1  C  within  a  minute  and  a  half 
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Figure  1 0 

Typical  Output  of  NBS  Library  Search  of  Mass  Spectrum 
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DATA  ANALYST? 

The  data  used  for  analysis  was  obtained  after  the  feed 
shale  and  spent  shale  for  each  experimental  run  was  analyzed 
for  carbon  content,  both  total  and  inorganic.  From  this 
carbon  content  inform. ation  and  ash  contents  of  the  feed  and 
spent  shale  total  and  organic  carbon  conversions  were 
determined.  Tiie  gas  samples  taken  after  each  run  were  used 
to  determine  the  extent  of  production  and  characterization 
of  the  reaction  gases.  The  organic  carbon  conversion  and 
gas  production  or  oil  selectivity  calculations  were 
performed  with  the  aid  of  a  computer  program  originally 
developed  by  Dr.  R.  Baldwin.  See  Appendix  F  for  a  listing 
of  the  program . 

Organic  Carbon  Conversion 

B\  performing  a  mass  balance  on  the  following  reaction 
system;  Toluene 


(solvent) 


tlie  organic  carbon  conversion  can  be  calculated.  The  mass 
t)  a  1  a  n  c  e 


Ccilculations  ari'  dependent  on  two  kev  assumptions; 
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1)  the  ash  contained  in  the  shale  is  non-reactive,  2)  the 
solvent  does  not  degrade  under  the  reaction  conditions.  The 
assumption  concerning  the  reactivity  of  the  ash  is 
considered  a  good  one  since  it  has  been  shown  that  ash 
remains  relatively  unchanged  during  a  thermal  solution 
process  (22).  The  assumption  about  the  solvent  is  also 
valid  because  it  was  shown  that  toluene  did  not  degrade 
appreciably  up  to  500  C  (38). 

Utilizing  the  first  assumption,  a  forced  ash  balance  is 
peformed  on  the  reaction  system  yielding  the  following 
expression  for  the  mass  of  product  in  terms  of  the  mass  of 
the  feed: 

(  %  ash  in  feed  ) 

mass  of  product=  mass  of  feed  x  - 

(  Z  ash  in  product  ) 

This  is  useful  because  the  mass  of  the  product  cannot  be 
accurately  measured. 

The  definition  used  for  the  organic  carbon  conversion 

was  ; 

organic  carbon  in  feed  -  organic  carbon  in  products 

occ=  - 

organic  carbon  in  feed 
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The  organic  carbon  in  the  feed  shale  and  spent  shale 
is  determined  by  the  following  expressions: 

organic  C  in  feed=(%total  C  -  %inorganic  C)(mass  of  feed) 
organic  C  in  spent =( %L oL al  C  -  %inorganic  C)(mass  of  spent) 

All  the  above  expressions  were  combined  which 
simplified  the  organic  carbon  conversion  expression  to  the 
following: 

( %  feed  ash ) 

(%  organic  C  of  feed)-  - -  (%  organic  C  in  spent) 

(%  spent  ash) 

OCC= - 

(Z  organic  carbon  of  feed) 

d i 1  Selectivity 

The  mass  of  carbon  in  the  gaseous  products  is  the  basis 
for  the  oil  selectivity  calculations.  The  mass  of  carbon  in 
the  product  gases  was  determined  by  using  the  ideal  gas  law 
and  b>'  analyzing  the  gas  chromatogram  of  the  reaction  gases. 

The  ideal  gas  law  was  used  to  calulate  the  total  number 
of  moles  of  tracer  gas,  krypton,  in  the  system  given  the 
volume,  initial  temperature  and  initial  pressure.  By 
analyzing  the  gas  chromatograms  the  mole  percentages  of  all 
id  t' mi  liable  species  were  calculated  by  the  following 
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expression  : 

gmoles  carbon  out=(raoles  Kr)(area  of  component  i)(RRF)(B) 
where  ; 

Response  factor  of  component  i 

P.  P  F  =  - 

Response  factor  of  krypton 

gmoles  of  carbon 

B  =  - 

gmoles  of  component  i 

The  identi.  fiable  peaks  of  the  chromatograms  wrere 
hydrogen,  hydrogen  sulfide,  hydrocarbon  gases  (through  C4), 
carbon  monoxide,  carbon  dioxide,  nitrogen,  oxygen,  and 
kr\-pton.  The  total  number  of  grams  of  carbon  in  the 
reaction  gases  was  calcualted  by  summing  the  total  gmoles 
of  carbon  in  the  gases  and  multiplying  this  value  by  the 
molecular  weight  of  carbon. 

The  next  step  was  to  calculate  the  total  mass  of  carbon 
con\ertcd  to  cither  oil  or  gaseous  products.  This  was  done 
by  the  following  expression; 

mass  of  carbon  converted=(mass  of  shale  in)(%  total  C)  - 

(mass  of  shale  out)(%  total  C) 

The  final  calculation  used  to  determine  the  oil 

selectivity  was  the  following: 

mass  of  C  converted  -  mass  of  C  in  gas 


T  oil  s  e 1 e  c  t i V i t  v  = 


mass  of  C  converted 
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K  i  n  r- 1  i  c  Model  i 

Tt  was  desired  to  develop  a  kinetic  expression  which 
related  organic  carbon  conversion  to  time  where  conversion 
was  defined  as  the  fraction  of  the  organic  carbon  which 
reacted  to  form  either  oil  or  gas. 

In  order  to  develop  the  kinetic  expression  it  was 
necessarv  to  determine  a  kinetic  model  which  adequately 
described  the  experimental  rate  data.  It  has  been  shown 
previously  that  various  irreversible  models  have  been  used 
to  adequately  describe  the  reaction  kinetics  of  oil  shale 
pyrolysis  (37).  The  following  three  irreversible  batch 
reactor  models  were  investigated: 


Mass  balance 


1st  o  r  d  f'  I  in  X 


dX 


dt 


dX 


k  (a  -  X) 


i/2s  order  in  X:  --  =  k  (a  -  X) 


2nd  order  in  X: 
where ; 


d  t 
dX 
dt 


k  (a  -  X) 


I ntegrated  form 
-kt 


X  =  a  -  a  e 


1 


1  n 

X  =a-  (  Y  kt+a  ) 


k  t  a‘ 


X  = 


k  t  a  +  1 

X  =  OCr  -  Organic  Carbon  Conversion 
t  =  reaction  time 

a  =  psuedo  equilibrium  OCC  at  infinite  time 
k  =  rate  constant  (  ko  exp  (  -F,a/RT  )) 
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The  procedure  used  to  determine  the  adequacy  of  each 
model  was  to  first  examine  the  low  temperature  data  and 
attempt  to  fit  this  data  to  each  of  the  models.  This  was 
done  because  low  temperature  data  is  easiest  to  fit  relative 
to  high  temperature  data.  This  is  true  because  the  changes 
in  conversion  versus  time  are  far  less  extreme.  By 

linearizing  the  integrated  forms  of  the  rate  expressions, 
the  adequacy  of  each  model  was  ascertained  by  how  well  the 
data  fit  a  straight  line.  The  following  linearized 
expressions  were  used: 

1st  order:  -  In  (a  -  x)  =  kt 

1  -J. 

3/2's  order:  2(  - -  -  a  ~  =  kt 

(a  -  x) 

1  1 

2nd  order:  (  -  -  -  )  =  kt 

( a  -  X  )  a 

As  a  result  of  the  temperature  dependency  of  the  rate 
constant  it  was  necessary  to  insure  that  the  data  was 
isothermal  prior  to  evaluating  each  model.  The  only  data 
points  considered  non-isothermal  were  the  0+  data  points 
because  of  the  heat-up  time  associated  with  these  data 
points.  This  being  the  case  it  was  necessarv  to  correct 
these  points  so  the  carbon  conversion  results  would  reflect 
isothermal  results.  The  procedure  for  correcting  the  0+ 
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data  points  is  outined  in  Appendix  A. 

With  the  aid  of  the  MINITAB  computer  program  developed 
at  Pennsylvania  State  University  the  rate  constants  were 
evaluated  by  linear  regression  of  the  data  using  the  method 
of  least  squares.  A  sample  of  the  input  and  output  for  the 
MTNITAB  program  can  be  seen  in  Appendix  G. 

To  complete  the  kinetic  expression  an  Arrhenius  plot 
was  prepared  to  determine  values  for  the  apparent  frequency 
factor  (ko)  and  apparent  activation  energy  (Ea)  for  the 
reaction.  These  values  were  obtained  by  linear  regression 
of  the  best  fit  rate  constants  using  the  method  of  least 
squares.  The  slope  and  the  y -intercept  of  the  best  fit  line 


are  the  source  for  the  activation  energy  and  frequency 
factor  respectively. 
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DISCUSSION  OF  RESULTS 

Introduction 

Detailed  results  for  all  experimental  runs  are 
summarized  in  Appendix  C.  Some  of  the  results  presented  in 
this  appendix  have  been  omitted  from  the  discussion  for 
reasons  that  are  presented  below.  It  will  become  evident  as 
the  discussion  of  the  results  continues  that  the  results 
from  the*  first  sixteen  experimental  runs  were  selectively 
('X eluded  Irom  the  data  analysis.  The  reason  for  their 
exclusion  is  due  to  the  reconfiguration  of  the  reactor 
system  and  modification  of  the  experimental  procedure  which 
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not  included  in  t(ie  discussion  of  the  semi-batch  results. 
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temperature  limit  and  was  not  used  for  an\'  comparative 
analysis.  All  the  results  from  KY-17  to  the  end  of  the 
experimental  program  are  discussed  even  though  minor 
modifications  were  made  to  the  system  and  procedure  as  the 
experimental  program  progressed.  The  minor  modifications  to 
the  system,  the  time  of  occurrance  (experiment  number)  and 
impact  on  previous  results  are  discussed  below. 

The  first  modification  after  converting  the  system  to 
the  semi-batch  mode  was  interfacing  the  computer  to  control 
th('  voltage  output  to  the  heater.  This  was  done  after  KY-21 
and  provided  more  efficient  temperature  control  during  the 
reaction.  The  modification  had  no  impact  on  the  previous 
runs  because  temperature  control  had  prec'iously  been  very 
good.  The  next  modification  occurred  after  KY-38  when  the 
gas  sampling  procedure  was  changed.  The  procedure  was 
(hanuei!  to  torce  the  final  gas  sample  pressure  to  be 
atmospheric  by  expanding  the  reaction  gases  into  a 
sufficientlc'  large  volume  to  achieve  the  desired  condition. 
I'his  was  done  to  insure  that  the  samples  taken  were  accurate 
representatives  of  the  product  gases  and  eliminated  the 
possibilitv  of  gas  solubility  problems  on  the  gas  analysis. 
The  impact  of  tliis  modification  is  seen  only  in  the  oil 
select  !v it v  calculation.  Tt  is  difficult  to  ascertain  the 
impact  on  the  oil  selectivity  results  of  experiments  prior 
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to  and  coni  parr  them  to  experiments  after  because  of 
the  differences  in  the  run  conditions  between  Phase  I  and 
Phase  III  c’xperiments.  Since  the  runs  in  Phase  I  did  not 
utilize  the  atmospheric  gas  sampling  procedure,  analysis  of 
oil  se^ecti\'it\’  results  for  each  phase  has  been  done 
independently  and  anv  comparisons  were  avoided.  The  final 
modification  to  thc'  reaction  system  occurred  after  KV-46 
when  the  tracer  gas  was  changed  from  argon  to  krypton.  This 
w<is  done  in  an  attempt  to  facilitate  accounting  for  the  fate 
of  anv  oxvuen  tfuit  happened  to  be  introduced  into  the  system 
und  to  improve  tlie  reproducibility  of  hydrogen  consumption 
results.  Since  the  gas  chromatograph  was  unable  to  separate 
argon  and  oxv'gen  in  the  gas  samples  it  was  necessary  to 
change  the  tracer  gas  to  krypton,  which  could  be  separated 
from  all  ottu'r  components  present  in  the  product  gas.  Once 
again  the  impact  of  this  modification  was  seen  in  the  oil 
select  i\iiv  results.  Prior  to  KY-46  it  was  assumed  that 
tfie  oxvgen  contribution  to  the  argon  peak  of  the 
chromatograms  was  a  specifed  fraction.  Since  the  area  of 
the’  tracer  peak  w.is  used  to  calculate  the  mole  percentages 
of  component  gases  it  was  imperative  to  know  its  true  size. 
After  s  wit  (fling  tc>  the  krvpton  tracer  it  was  determined  that 
the  si/e  of  tfie  oxvgen  contribution  varied  as  a  function  of 
t  (' m  p  e  r  a  t  u  r  e  .  I  h  i  s  result  indicated  that  the  little  oxvgen 
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present  in  the  reaction  system  was  being  consumed  in  the 
reaction  and  that  the  contribution  of  oxygen  to  the  argon 
peak  varied.  Since  this  was  the  case,  only  those  runs 
performed  in  Phase  III  which  had  krypton  as  the  tracer  gas 
had  their  oil  selc'ctivity  results  analyzed. 

P  r  o  c  e  s  s  i  n  g  K  r  r  o  r  s 

I  he  processing  variable's  of  temperature,  pressure  and 
reaction  time  accounted  for  most  of  the  experimental  errors 
e  X  p  e  r  1  e  n  c  e  d  . 

I  e  m  p  e  r  a  t  u  r  e  f  1  u  e  t  u  a  t  i  o  ri  s  in  the-  reaction  s  v  s  t  e  ni  were 
minimized  bv  interfacing  with  the  Apple  computer.  This 
enabled  t  fi  e  s  v  s  l  e  m  to  be  kept  within  +  /  -  2  degrees  of  the 
desired  reaction  t  ('mpe  r  at  u  r  e  once  the  injected  samples  had 
r  e  a  c  h  e  d  t  fi  e  r  ma  1  equilibrium  wit  h  t  h c'  react  or  . 

'Hk'  final  system  pressure'  varied  s  i  g  n  i  f  i  c  a  n  t  1  \  wfien  the 
injf'CticMi  procedure  was  incorporated  which  was  another 
source'  of  error.  This  variation  was  due  to  t  h  c'  i  n  a  b  i  1  i  t  >'  to 
control  t  fi  e  rate  of  s  1  u  r  r  v  injection.  The  rate  at  which  the 
slurry  was  injected  directly  effected  the  amount  of  cold 
fie  1  1  u m  that  w ,i  s  allowed  into  the  reactor,  which  had  a 
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pressure  had  little  e 1  f  e c  t  on  the  final  results. 

T  h  ('  final  s  o  u  r  i  f*  o  t  experimental  error  was  the  reaction 
time.  The  reaction  time-  of  the  s  vs  tern  was  defined  as  the 
time  interval  between  injection  and  the  onset  of  cooling. 

Tins  interval  was  t  i  nt  e  d  f  a  i  r  1  v  a  c  c  u  r  a  I  e  1  \-  (  +  /  -  10  seconds). 

The  major  contribution  of  t  !i  i  s  factor  to  the  error  was 
connected  to  t  li  c  t  i  ns  e  r  e  c]  u  i  r  e  d  t  heat  up  the  slurry  to 
reaction  conditions  o  n  c  c'  it,  was  injected.  Temperature 
versus  time  profiles  were  obtained  for  each  of  the  reaction 
temperatures  in  f'  h  a  s  t*  III  o  n  1  v  once*,  and  it  was  assumed  that 
heat  up  t  i  m ('  s  for  all  other  runs  were  consistent,.  Other 
causes  f  c'  r  variation  in  reaction  time  were  the  time  required 

t  M  1  t )  w r I  the  h e ,  1 1  e  r  ,  turn  on  the  cooling  fan  and  r  e  - 

ect.il'lish  tie  (oelinu  selpoinl  into  the  computer. 

i  :  I  '  '  n  '  ■ 

■S'  i  t  itr  '.pit-  object  ive  of  the  experiments  performed  in 
.  >.n>'  wa-  In  determine  the  effect  of  temperature, 

r  e  a  <  ’  1  "  n  t  :  r,  •  ,  and  h  v  d  r  o  g  e  n  partial  pressure  on  the  organic 

,  I  r:  ■  r  >,  I  o  n  i  n  d  nil  s  e  1  e  r  t  i  v  i  t  v  during  the  h  v  d  r  o  p  y  r  o  1  y  s  i  s  of 

tie  1  t  ■  n  f  u  (  i  \  oil  s  li  a  1  e  under  investigation.  The  results  of 
t  fi  •  j  h  ,  1 "  I '  I )  n  ('  X  p  e  r  1  m.e  n  t  s  are  summarized  in  Table  8  . 

1  h  •  ■  p  r  <  ;  1  T  1  n  a  I  \  w  c*  i  k  in  p  fi  a  s  e  one  e  s  t  a  b  1  i  s  h  c*  d  the 

,  1  \  1 1  ■'  a  i !  ■  i  mini  r  u  rr.  '  ■  ['  e  r  a  t  i  n  g  t  e  m  p  e  r  a  t  u  i  e  s 
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Table  8 

S  u ni IT: a  r  y  of  Results  for  Phase  I  Experimental  Runs 
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1  lu  I  f  >1  1  •  1  dramatically.  This  result  reinforces  the 

(.  c)  lu  1  u  s  1  o  n  til  at  the  rates  of  the  gas  forming  reactions  arc 

slow  relative  to  th.  e  oil  forming  reactions.  From  this 
result  it  was  indicated  that  the  reaction  time  should  be 
less  than  a  minutes  in  order  to  limit  excessive  gas 

p  r  o  d  u  c  t  i  o  n  . 

'he  t  inal  parametei  of  hvdrogen  partial  pressure  had  a 
s  i  g  11  i  f  1  t  a  n  l  effect  on  t  fi e  organic  conversion  but  did  not 
h  1  V  a  significant  impact  on  the  oil  s e  1  c  t  i  \  i  t  v  results, 
riit  rriMst  s  i  g  n  i  f  i  (■  a  n  t  result  was  the  increased  amounts  of 

"''tiiahe  in  the  p  f  1 1  d  ii  c  t  gases  at  tlie  1  c)  w  hvdrogen  p<irtial 

p  r  e  s  s  n  I  r  .  !  li  ;  s  i  n  d  i  >  a  t  e  ,!  ;  li  a  t  tile  r  e  a  c  t  i  o  n  s  s  t  e  ni  should  be 

tan  w  1  t  1:  s  u  ;  1  11  i  «'  II '  a  t’  •  ■  ii  n  t  s  <,>  1  h  v  d  i  a '  c  e  n  in  order  to  ji  r  oru' t  e 

1;  1  c:  h  Cl  r  v  a  n  1  1  (  a  t  !■  e  n  < a  1 1.  v  i  ■  r  s  i  o  n  s  and  inhibit  t  'n  e  u  n  d  e  s  i  r  a  f  1  e 

p  r  o  d  u  c  t  ion  of  methane-. 

f  tain  the  results  present'-d  it  is  concluded  th.,t  of  the' 
(  o  n  d  i  t  1  o  !i  i  II  V  >  ■  s  t  1  v  a  t  I  ai  the  o  p  t  i  m  u  rii  was  at  a  reaction 
t  !■  m  p  e  r  a  t  u  I  e  o  !  4  ol  i  ,  reaction  time  n  1  ('+  ,  and  an  initial 

ti  \  d  re  V  '  I!  p  a  r  I  1  a  1  p  r  e  s  s  u  i  t’  of  3(10  p  s  i  g  .  d  h  e  s  e  conditions 

m  a  X  1  "1  .a  '  1  the  c  •  i  i  p  i  o  d  u  t  t  s  while  m  i  n  i  ni  i  /  i  n  v  the  1  o  t  ni  a  t  i  o  n  ci  f 

g  a  ■-  p  I  1 1  d  a  I  I  ,1 II  !  r  e  a  I  i  1  o  ri  time-. 

K  1  III  •  I  '  ^'..di-1  1  ng 

r  1  n  r  I  'i  -  k  1  n  I  ■  1  I  e  x  p-  r a  -  ^■  s  i  ■  n  -  d  e  v  e  1  1 1  p.  i  •  ti  liar  1  h  c' 

'■1  I  NT  1  p  r  a  -V  I  a"-  It  w  a  a  pia  i  1-  t  ,  ■  p  t  a  p  r  <-  a  i  T  -  •  c  a-  ^  ji  a  r  i  n  g 


nu'ictorc  ,  the  impact  of  reaction  temperature,  reaction 

time,  and  hydrogen  partial  pressure  on  the  production  of 
gaseous  products  was  examined  to  establish  an  optimum  set  of 
o[)erating  conditions.  It  should  be  understood  that  no 
a  t  t  C'  ni  p  t  is  b  t'  i  n  g  made'  to  establish  the  o  p  t  i  m  u  n.  set  of 

conditions  for  this  process  because  of  the-  limited 

conditions  1 1 1  a  t  were  investigated. 

fxamining  the  results  in  Table  1  ('  it  is  clearly  shown 
that  temperatures  of  at  least  420  C  arc  necessary  to  obtain 
a  p  [)  r  e  c  I  a  l»  1  e  conversion  to  oil  products.  However,  as  is 

d  0  mo  n  s  t  r  a  I  f' d  in  Figure  12  the  selcctivitv  to  oil  over  gas 
pro  duct  ion  decreases  as  tht'  temperature  increase's.  This 

1.-^  once  <ig,iin  explained  by  the  fact  that  gas  forming 
ta.ntions  have  higher  activation  energies  and  proceed  more 
rapid!  v  at  eli'vated  temperatures.  Tn  addition,  by  examining 
lilt  nsili  p  e  r  (  (' n  t  a  g  es  of  the  reaction  gases  presented  in 
\ppt  iid;x  (  ,  the  amount  of  methane  gas  produced  increased 
w  I  t  it  in(  rc'ased  temperature  for  similar  reaction  times.  For 
example,  comparing  the  4  6(1  and  440  experiments  the  methane 
me  1  e  pc-r  cent  ages  were  4.7  1  and  1  .  a6  for  the  2(i  minute  runs, 

w  h  :  1  I  ’he  p  e  r  (  c'  n  t  a  g  e  were  1.17  and  .749  f  o  i’  the  "  minute 

I  11  n  -  . 

F'tei;  •  ;eii  t  1  IT. e  tiad  a  similar  eflect  in  that  as  time 

i  : , ,  t  e  a  -  •  I '  til  s  e  1  (  i  t  i  v  i  t  v  d  t- 1  r  e  a  s  e  d  and  m  r  t  ti  a  n  e  }>  r  ci  due  t  i  o  n 
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Figure  1  1  A 


Organic  Carbon  Conversion  versus  Reaction  Time  Isotherms 
with  Low  Initial  Hydrogen  Partial  Pressure  Isotherms 
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t-he  reaction  temperature  as  well  as  an  increase  in 
conversion  at  higher  hydrogen  partial  pressures.  In 
addition  the  effect  of  reaction  time  was  the  same  in  that 
organic  carbon  conversions  increased  with  increased  reaction 
time.  The  only  exception  to  this  was  seen  by  comparing  the 
results  of  KY-53  and  KY-56  where  there  was  a  decrease  in 
con\'ersion  associated  with  an  increase  in  reaction  time. 
The  decrease  in  conversion  for  the  longer  time  can  be 
cxplninc‘d  b\'  the  onset  of  regressive  coke  forming  reactions 
at  such  an  c‘]e\'ated  temperature  (460  C)  and  low  hydrogen 
partial  pressure  (50  psig  initial  pressure). 

The  basis  for  establishing  an  optimum  set  of  reaction 
conditions  was  to  determine  which  set  produced  the  most  oil, 
while  at  the  same*  time  minimized  gas  production,  hydrogen 
requirements,  reaction  time,  and  reaction  temperature.  Of 
the  paranu’ters  nc'eding  to  be  niinimizcd,  bv  far  the  most 
important  was  to  minimize  gas  production.  This  is  true 
because  the  most  likely  source  of  hydrocarbon  gases  present 
in  the  reaction  s vs  tern  comes  from  cracking  reactions 
involving  the  oil  produced  from  the  pyrol\tic  process.  It 
is  diffiult  to  assign  relative  importance  to  the  remaining 
minimization  parameters  because  it  would  require  an  economic 
analvsis  of  the  associated  hydrogen  costs,  cnergv  costs,  and 
o  p  f'  r  a  t  i  n  g  costs,  which  is  beyond  the  scope  of  this  paper. 
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KY-L'5  and  KY-25  it  is  seen  that  similar  amounts  of  oil  can 
be  produced  by  using  less  hydrogen,  which  from  an  economic 
standpoint  is  desirable. 


P  h  a  s  e  T  w  o 


The  Phase 

I  I 

results  are 

used 

to 

demonstrate 

the 

reproducibility 

o  f 

the  organic 

carbon 

conversions  and 

oil 

s e  1  e c  t  i  V  i  1,  y  at 

e  1 

evated  temperatures 

and 

short  residence 

times  to  help  validate  the  results  of  Phase  I.  As  can  be 
seen  from  Table  9  the  results  arc  very  reproducible.  The 
results  indicate  an  average  organic  carbon  conversion  value 
of  (iA.(i4T  +/-2.678T  and  over  92%  oil  selectivity  would  be 
expected  for  the  hydropyrolysis  of  Kentucky  oil  shale  in 
supercritical  toluene  for  1  (.)  minutes,  at  450  C  . 


Ptia  se  T h  r  ee 

The  objectives  of  phase  three  experiments  were  to 
determine  optimum  reaction  conditions  and  to  d  e  v  c*  1  o  p  a 
k  i  n  ('  t  1  I  c'  X  p  r  e  s  s  i  o  n  which  a  d  c>  q  u  a  t  e  1  y  described  the  reaction 


s  v  s  t  em  . 


Tile  r 
g  r  a  p  h  1  c  .1  I  1  \ 
e  X  pei-  ted  t 

e  X  p  e  r  1  riie  n  t  s 
in  (I  I  g  a  n  1  I 


esults  art'  summarised  in  Table  10  and  are 

d  i  s  p  1  a  V  e  li  in  T  i  g  u  r  e  s  1  1  ,  1  1  A  ,  and  12.  As 

he  results  dc'monstrate  the  same-  trends  as  those 
p  e  r  t  o  r  n  e  d  in  phase  one.  There  was  an  i  n  c  r  a  s  e 

I  a  I  b  o  n  t  o  n  V  ('  I  s  1  o  n  a  s  s  o  c  i  a  t  e  d  with  an  increase  in 
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effect  of  reaction  time.  From  the  results  it  is  clear  that 
at  the  high  temperature  the  organic  carbon  conversions  were 
not  significantly  increased  by  allowing  the  reaction  to 
proceed  longer  than  10  minutes,  indicating  high  reaction 
rates.  It  is  interesting  to  note  that  there  was  an  adverse 
effect  on  the  carbon  conversion  and  oil  selectivity  results 
at  the  lowi'r  hydrogen  partial  pressures  by  allowing  the 
reaction  to  proceed  for  the  additional  50  minutes.  This 
rc'sult  is  mostly  likely  explained  by  noting  that  at  the 
lower  partial  pressure  condensation  reactions  are  more 
prol)able  relative  to  higher  partial  pressures.  This  being 
the  case,  the  longer  the  reaction  is  allowed  to  proceed  the 
mnie  coking  that  occurs  resulting  in  lower  carbon 
convc’rsions.  In  addition  the  oil  selectivity  differences 
indicate  that  the  oil  forming  reactions  occur  faster  at  this 
tempetature  than  do  the  gas  make  reactions. 

Till  results  from  Phase  1  experiments  indicate  that 
organic  carbon  conversions  in  excess  of  19017  of  Fischer 
As.sav  can  be  achieved  using  the  supercritical  toluene 
hydropvrolysis  process  at  a  temperature  of  450  C.  In 
adiiition  b\'  reducing  the  reaction  time  from  60  minutes  to  10 
minutes  similar  tirganic  organic  carbon  conversions  are 
obtained  and  u  n  d  e  s  i  r  e  a  b 1 e  gas  forming  reactions  are 
m i n i m i / e  d  .  1  i n  a  1  1  v ,  by  comparing  the  oil  v  i  e 1 d  values  of 
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hydrogen  partial  pressure  is  lowered  from  800  to  300  psig, 
while  the  oil  selectivity  was  effectively  the  same,  93.8%  to 
92.5%.  At  iht'  shorter  residence  time  a  similar  trend  is 
seen  but  the  difference  is  less  pronounced;  70.8%  to  64.8%, 
while  the  cm!  selecliviiies  were  similar;  97.6%  to  94.6%  for 

the  80(1  and  300  psig  runs  respectively.  The  increase  in 

organic  carbon  conversions  associated  with  the  increase  in 
hvdrogen  partial  pressure  is  most  likely  due  to  the 

neci'ssit\-  for  gas  phase  molecular  hydrogen  in  the  reaction 
sN'ster:.  The  need  for  hydrogen  to  produce  elevated  organic 
(.art)  on  (.  i  n  b  v  t' r  s  i  o  n  s  is  clearly  seen  when  comparing  the 

o  r  g  a  ri  1  '  r  a  r  h  o  ri  c  o  n  v  e  r  s  i  o  n  results  of  an  e  x  p  C‘  r  i  m  c  n  t  a  1  run 

performed  it.  p  u  r  ('  he  1  i  un. ;  5~.fi'',,  to  i  fi  o  s  e  in  w  fi  i  c  h  hydrogen 

w.ie  pue-ctit.  0n<  (•  ag.iiri  tfie  explanat  ion  tomes  from  an 

u  1 1  ! .  r  s  t  a  n  d  i  n  g  (if  t  !  i  <  c  h  t  m  i  s  t  r  y  of  the  oil  forming  r  c*  a  c  t  i  o  n  s  . 

What  IS  r;o-t  likelv  occurring  is  that  the  free  radicals 
t(;rr:,  ed.  d  u  r  i  n  v  t  fi  e  tiom.olvsis  of  the  bonds  holding  the  kerogen 
in  t  tie  inorganic  matrix  of  the  oil  shale  react  bv  "capping" 
reactions  in  the  presence  of  the  free  radical  scavanging 
hydrogi'D  m  o  !  .' c  u  1  e  s  .  Higliei'  hvdrogen  concentrations  in  the 
s  v  s  t  e m  p r  o  i  d e  s  an  environment  which  was  more  effective  at 
i  n  ti  1  b  i  t  1  n  g  condensation  or  coking  reactions  which  leads  to 
ttie  (!e(  reasi'  in  carbon  ccinvcMsion  otiservc'd. 

I!,.  tinal  reaction  paramc'tei  i  n  v  e  s  t  i  g  a  t  c- d  was  the 
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organic  carbon  conversion  rises  rapidl\'  with  increasing 
tcmperalure  while  oil  selectivity  declines  from  98%  at  350  C 
to  93%  at  450  C.  The  rapid  increase  in  the  organic  carbon 
conversion  \'alues  can  be  explained  b\’  the  chemistry  of  the 
reactions  most  likely  taking  place.  Oil  forming  reactions 
most  probable’  proceed  via  free  radical  chemistry,  involving 
homo  lysis  of  bonds  in  the  kerogen  matrix  resulting  in  the 
lormation  of  high  molecular  weight  free  radical  species.  By 
inreasing  the  reaction  temperature  the  rate  of  bond  scission 
reactions  is  accelerated  thus  promoting  kerogen  pyrolysis 
and  organic  carbon  conversion.  The  decline  in  oil 
selc’Ctivity  with  increasing  temperature  is  most  likely  due 
to  the  fact  that  the-  gas  formation  reactions  have  reasonalby 
liigh  activation  energies  and  require  elevated  temperatures 
i  n  o  r  (1  e  r  t  o  proceed  . 

Ttie  efff'Ct  ol  hydrogen  partial  pressure’  is  also 
consistent  with  p  r  ('  v  i  o  u  s  results  (33)  in  that  a  s  v  s  t  e  m 
utilizing  a  non-donor  sol  cent  sucli  as  toluene  requires  a 
source'  of  hvdrogen  in  order  to  achieve  elevated  carbon 
conversions.  As  shown  in  Table  8  carbon  conversions  are 
s  i  e  n  i  1  i  c  a  n  t  1  \  e  f  t  c'  c  t  e  d  by  the  initial  hvdrogen  partial 
pressure  at  the  elevated  temperature  while  at  the  low- 
ten  p  e  r  <i  r  u  re  tiiere  i  .s  verv  little  effect.  In  the  4  50  f' ,  60 

n:  i  n  u  I  e  tuns  c  a  r  I)  o  n  conversions  drop  from  7  4  %  to  ( >  1  .  ~  when 


C  r  c  s  p  ec  t  i  V  (■  I  .  Thf  minimum  temperature  of  350  C  was 
sc'lccted  b  (‘Cause-  as  can  be  seen  from  the  results  in  Table  8 
thf-  oryanic  carbon  conversions  were  low  enough  to  be  easily 
differentiated  from  the  results  at  higher  temperatures. 
There  were  two  reasons  for  selecting  a  maximum  temperature 
of  45(>  (  .  iirst,  the  organic  carbon  conversion  of  58.7% 
resulting  from  the  experimental  run  performed  at  500  C 
(KY-14)  was  considerably  lower  than  the  results  obtained  for 
run,-  at  450  C  (  65-70%)  indicating  the  possibility  of  a 
maximum  con\'ersion  existing  between  450  and  500  C.  The  drop 
off  in  c  o  n  e  r  s  i  o  n  can  b  e  ,s  t  be  e  x  [)  1  a  i  n  e  d  b  the  onset  of 
condensation  rcsic  lions  which  lead  to  the  formation  of  coke 
on  th(‘  surface  of  the  spent  shale.  These  reactions  are 
thos('  in  which.  the  py  roly  zed  kerogen  molecules  react 
regressivc-lv  on  the  surface  of  the  spent  oil  shale,  and 
rc'main  with  the  shale  particles.  This  is  an  undesireable 
result  since  the  objective  is  to  produce  the  maximum  amount 
of  organic  carbon  from  the  shale.  The  second  reason  for 
choosing  4  56  C  as  thc'  upper  limit  was  the  fact  that  thermal 
s  t  a  b  i  1  i  t  V  studies  performed  on  toluene  at.  4  5  (1  C  had 
d  e m o  n  s  t  r  a  t  (’  d  that,  toluene  was  stable  at  this  temperature. 

1  he  results  from  the  Phase  I  experimental  matrix  shown 
in  '!  .li' 1  (.  s  demonstrate  exported  trc'nds  in  organic  carbon 
c  o  n  V  c'  r  s  i  o  n  and  oil  v  i  e  1  d  s  a  function  of  temperature.  1  h  e 


I  -  IM  7  fi<- 


lh(-  p  r  (mI  ;  (_  t  f  fi  values  ol  the-  organic  carbon  conversion  versus 
tir.e  for  each  of  the  three  models  attempted.  figure  13 
compares  I  hr'  predicted  values  to  the  original  e  >:  p  e  r  r  me  n  t  a  1 
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control  1 ing 

transport  resistance,  either  heat  or  m.iss,  wiiich  lio  mi  nates 
over  the  rate  of  chc.ttictil  reaction.  A  chanuc-  in  slopie  of 
tile  A  r  r  tu' n  i  u  s  plot  would  indicate  there  was  a  chance  in 
nil  ■  t  ti  a  n  i  s  til  at  t  ii  (>  c*  1  e  v  a  t  e  d  t  e  m  p  e  r  <.i  t  u  r  e  s  .  Since  the  slope'  at 
h  i  V  i;  I  e  n;  p'  e  r  a  t  u  I  e  is  n  e  a  r  1  v  zero,  one-  conclusion  is  that 
transport  rates  he-eont-  domituiiU  ;tt  these  temperatures.  The 
second  i  n  t  e  r  p  r  e- 1  a  t  i  on  is  that  the  reaction  svstem  cannot  be 
a  d  e  n  u ,  1 1  e  1  c  described  at  these-  t  c' m  p  c-  r  a  t  u  r  c-  s  utilizing  a 
seconii  order  mode-l.  A  more-  adeciuate  high  temperature  model 
could  be  developed  with  shorter  residence  time  data. 

Phase  1  our 

Ihr  results  1  rom  the-  separation  procedure  indicated 
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I  hat  lh(‘  flutioii  sc  home  employed  was  very  effe-cLive  in 

separaliny  the-  oils  into  component  fractions.  Figure  20 

sliow's  the  total  ion  chromatograms  of  the  alkane  fractions 
for  both  t  fi  e  li  v  d  r  o  p  v  i  o  1  v  s  i  s  oil  and  the  Dravo  oil.  The 
major  peakr,  were  identified  as  the  homologus  series  of 
n  o  r  n;  a  I  p  a  i‘  a  f  i  n  s  w  i  t  fi  carbon  numbers  ranging  from  C  9  to  C  3  0  . 

Tile  c  h  r  oma  t  og  r  am.s  of  the  remaining  fractions  are  contained 

Ml  Appendix  I).  I'ven  thougli  tlie  oils  were  produced  at 

radicallv  different  conditions,  a  comparison  of  the 
(  fi  rotini  t  o  g  r  a  m  s  d  emo  n  s  t  r  a  t  c- d  that  the  chemical  makc’-up  of  the 

[' !  e  d  i;  I  t  (I  i  I  s  Was  r  (■  it'  a  t  k  a  h  !  V  s  i  r;  i  1  a  i  . 
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1  1  ^ 

!  on  C  ti  r  o  r„  a  ;  o  g  r  a  r:  :r.  of  t  h  e  A  1  k  a  n  f  ■  fractions 


H  V  d  r  (j  p  y  r  o  1  V  s  i  s  (f  i  1 
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CO.NCLrSl  ONS 

16'  t  ' :  n  ■-  1  >1  s  1  n  : '  w  1 1 !  c  li  follow  pertain  e  x  r  1  u  s  i  \’  o  1  v  to  the 

I  vpct  irunta:  s  v  ^  t  >  r.  (-r-ploved  for  this  research.  The 

ill!  1  ' .  w  !  '!  ir  (  "  :m  !  ,  n  s  we  c'  d  r  a  wn  ; 

1  .  It  IS  p  ( )  s  s  I  1,'  1  e  to  obtain  high  organic  carbon 

'  I '  n  V  e  r  s  :  o  n  s  u  i  i  1  i  /  i  n  c  a  h  y  d  r  o  p  y  r  o  1  y  s  i  s  p  r  i  c  c  s  s  e  m  p  1  o  v  i  n  g 

s  u  p I ■  r (  r  1  t  i  I  a  1  toluene  as  the  extraction  vehicle. 

1  i  1  i  /  i  n  g  I  !  1  i  s  process  oil  y  i  e  1  li  s  in  excess  of 

1  ^  '  1  1  St  her  Assa.  can  be  obtained  for  t  e  ir  p  c  r  a  t  u  r  e  s  greater 

t  1 1  a  1 1  a  _  I )  (  and  run  t  i  ri  f  ■  s  of  A  ( i  ni  i  n  u  t  e  s  . 

’!  h(  preseri'i  ol  gas  phase  molecula.i  hvdrogcn 

enMai.'eo  ;ti'-  {(.inversion  of  (>rganic  carbon  to  oil  firoducts. 

1  '1  a  ,  the  h  v  d  I  ( i  g  e  n  i  Cl  p  I  O  v  c' s  the  s  {■  1  e  C  t  i  v  i  t  of  oil 

1  t  '  ! ' :  '  \  e  I  V  a  s  ;  as  p  i  D  ii  u  (  t  s  .  lor  t  ‘i  e  vast  nia  j  o  r  i  t  v  of 

T  t  s.  I  '  1  '  a  1  '  '  ■  r.  !  !  t  1  '  I  n  s  investigated  t  h  >  ■  (.i  i  1  s  e  1  e  c  t  i  i  t  was  in 

e  y  ,  .  ,  i  'e  I  _ 

■  I  '  •  >  g  a  r; .  1  i-  e  of  the  r  e  a  t  I  t  o  n  s  v  s  t  e  rr  i  e  1  d  (  1 

p  I  ;  I"  1  !  ;  !  \  is  s  _  {  ( '  ^  1  _  ji  ,1  >1  V  d  r  o  c  ;t  r  1)  o  n  gases,  ('  1  -  ('  A  . 

'  ■  lie  p  I  o  d  Vi  {  I  1  o  n  of  h  V  (i  r  o  c  .  i  T  tie  n  gases  dr  a  tr.  a  t  i  c  a  1  1  v 

d  t  I  I  e  I .  e  -  f  ■,  d  e  (  I  ('  a  s  1  n  g  tin  reaction  tine  a  r  t  e  c'  p  e  r  a  t  u  r  e  s  in 

I  X  1  e  le  •  .  I  1  1 '  . 

•  It'  1  I  r  e  v  e  I  i  b  1  e  s  e  (  f' n  d  order  rt'.odel  adequately' 

'  '  I  6  •  '  1 '  I  r  ,  e  '  !  o  r.  k  1  n  e  t  i  r  and  p  r  e  if  i  c  t  s  a  :i  a  p  ])  a  r  e  n  t 

a  >  ’  ;  a  !  !  '  1 1 1  e  n  •  a  g  \  i  ~  k  c  a  1  '  g  n  a  1  •  ■  . 


^  1 

1  h  ( ■  separation  p  i  o  t  e  s  s  e  m  p  1  o  v  t'  (1  w  s  s  n  c  c  l-  s  :r  1  u  1  in 
tip  Kentuck;.'  shale  oil  into  its  coni  portent  fractions. 

1  he  product  oils  f  roll'  the  h  y  d  r  o  p  y  r  o  1  y  s  i  s  process 
n  r  a  V  o  p  r  u  i  e  s  s  are  r  eitui  r  k  a  h  1  v  similar  c  v  e  ri  t  li  o  u  g  h 
I  [1  r  o  di  u  c  <  ■!  at  d  1  a  r.i  a  t  !  c  a  1  1  y  d  i  f  f  e  i  o  n  t  t  o  n  d  i  l  i  o  n  s  . 


K;  f  I  ONS 


‘til  1  !!  a  I’  ( ■  p  r  t-  s >,■  n  t  t' d  as  t  c  o r, < ■  1 1  d  a  t  ions  for 

I'-tnri-  w(i!f  in  tl.o  1; '.si  i  t  >  p  v  i  o  1  v  s  i  s  ot  K  o  ii  t  u  <  f  v  o  ■;  i  shale. 

1.  In  ardcr  to  flinidatc  the  *  ,i e  ol  Iivdi'opr-n  in  the 

^'sn  t  !(ii,  sv-^ter:.,  in  terms  t>  f  ci.nisuript  imi  .ind/er  generation, 

1  s  .  ■  ;  ,  p  , .  t  r  ,  t ,  ( ■  r  studies  r  u  u  1  d  be  f- ::  p  !  ( i  \-  e  d.  .  1'  1  i  1  i  /  i  n  g 

•'ll:  e  t  1  u ,  in  t  h  t  ■  e  a  s  p  h.  ,i  s  e  of  s  •  e  :n  one  r  ‘S  u  I  d;  d  e  t  ermine 

'  ■  e  W  the  I\  e  !  .  :  \1  1  .  1  f  1 1  V  I  i  I  O  L’  e  [  1  i  1  II  O  t  |  e,  [  ,  j  '  I  '  d,  1  Jl  t  il  f  f  '  1  V  7  0  d 

e  ,  1 '  :  i  X  .  In  ,i  d  d  t  :  I  i  e  n  i  h  i  '■  p  t  i  e  e  a.  u  i  e  (  (.  u  1  d  provide 

' '  ■  1  n  :  e  I  ;■  e  '  ;  o  n  ,  i  h  o  n  '  lie-  t  e  ,•  i  !  :  n  n  r  e  <  h  a  n  t  xnx  of  this 

■■■  1  !  o  ■  ,  ,  .  ,i  tie,-  ,  . 

^  ‘  e  I  ;■  , ,  ;■  e  :  ,  t  a  :  !  e  (I  (  ii  a  r  a  •  I  j-  i  /  a  t  i  o  n  ,  i  e  . 

;  n  1  V  .  a  1.  1  \  e  ;  t  h  e  c  e p  o  n  n  d  p  t  c  a  e  ;;  t  in  e  a  o  h  of 

■  '  '  :  i :  a  •  ■  :  •  .  ,  •  ;  ,  s  '  :  i  i  n  h  t  a  !  ■  p  r  o  \  i  d  •  i  n  '  e  r  "■  a  t  i  o  n 

.  :  :  :  n  t  '  ■  l  i  ■  h  a  n  ;  . 

'  ■  ‘  '.  I  r.  ;  n  e  t  i  (  i"  e  1  e  !  I  '  u  '  d  !  M  d  e  \'  e  1  o  Jl  e  dj 

i  '  '  '  '  :  !  n  I  ;■  ;  ,  ■  a  t  a  i  1  t  o  h 1  a  la  e  e  ;  tee  r  !  ■  a  c  t  i  o  n 

■  ■  ■  .  .  ■  •  1  a  •  i  '  e  '  V  i:  ea  .  U  :  i  n  V  t  ne  we  ;  n  •  t  e  f  all 


i 


flD-H156  884 

UNCLftSSIFIE 

PVROLVSIS  AND  HVDROPVROLVSIS  OF 
PRODUCT  OIL  CHRRRCTERIZATIONCU) 
CENTER  ALEXANDRIA  VA  J  A  HANLES 

) 

IfENTUCXV  OIL  SHALE  HIT» 
ARHV  HILITARV  PERSONNEl 
r  06  JUN  85 

F/G  8/7 

■ 

■ 

1 

■ 

■  j 

T-3097 


8  3 


LITERATURE  CITED 

1.  Duncan,  D.C.  and  Swanson,  V.E.,  "Or gan i c -R i c h  Shale  of 
the  United  States  and  the  World  Land  Arreas",  L.S. 
Geological  Survey  Circular  523,  Government  Printing 
Office,  Washington  D.C.,  (1965). 

2.  Alo,  G.D.,  Robl,  T.L.  and  Vyas,  K.C.,  "Synthetic  Fuels 
from  Eastern  Oil  Shale",  paper  presented  at  Technical 
Activities  Supporting  Kentucky  Oil  Shale  Development, 
Institute  for  Mining  and  Mineral  Research,  Universit\' 
of  Kentucky,  Lexington,  Kentucky,  (1982). 

3.  Barron,  L.S.,  Pollock,  D.  and  Beard,  J.,  "Stratigraphy 
and  Resource  Assessment  of  the  Oil  Shales  of  East 
Central  Kentucky",  paper  presented  at  Technical 
Activities  Supporting  Kentucky  Oil  Shale  Development, 
Institute  for  Mining  and  Mineral  Research,  l'niversit>’ 
of  Kentucky,  Lexington,  Kentucky,  (1982). 

4.  Ettensoh,  F.R.,  and  Barron,  L.S.,  "A  Tec t on i c -Cl i mat i c 

Approach  to  the  Deposition  of  the  Devonian- 

Mississippian  Black  Shale  Sequence  of  North  America", 
paper  presented  at  the  1982  Eastern  Oil  Shale 
Symposium,  Lexington,  Kentucky,  (1982). 

5.  Weil,  S.A.,  Feldkirchner,  H.L.,  Puwani,  D.\'.  and  Junk  a, 
J.C.,  "The  IGT  HYTORT  Process  for  Hydrogen  Retorting 
Devonian  Oil  Shales",  paper  presented  at  The 
Chattanooga  Shale  Conference,  Oak  Ridge,  To  n  n  e  s  e  c  , 
(1978). 

6.  Prien,  C.H.  and  Thomson,  W.R.,  "Thermal  iNtraction  ani. 
Solution  of  Oil  Shale  Kerogen”,  Ind.  Eng.  Clieni  .  ,  lH!. 
50,  No.  3,  (1958). 

7.  McKay,  J.F.,  Chong,  S.  and  Gardner,  G.W.,  "Reou\erv 

Organic  Matter  from  Green  River  Oil  Shale  a? 

Temperatures  of  400  C  and  Below",  Liquid  Lur'.!: 
Tcchnologv’,  Vol.  1,  p.  259,  (1983). 

8.  Gavin,  M.  and  Aydelotte,  J.,  "Solubility  of  Oil  Shalt';- 
in  Solvents  of  Petroleum",  Reports  of  Investigation", 
Bureau  of  Mines- Department  of  Interior,  sei.  no.  231:, 


• 

r 

*  t 

!  I  -  1  •  '  1 

!'r  1  T*  t  : 

r«r 

.  .  •  •  -  • 

;  -  "  ,  I  .  . 

■  ",  1  .  . 

■■  : 

■  ■ :  ' '  i  ! 

>;  '■!  i  :i  ci  f  n  , 

>  Oil 

■  .  .  .  t  . 

i  •  1 )  ;  li  c  n  , 

.  1  -if'! 

,  1'.!'., 

A  (!  1  V  V  n  l 

r 

* 

(  A;m  .  !  i  ‘  . 

1  S  i,. !  i  c  t 

^  ;  '  1  ■  1 

:•] 

'  ■ :  ;  i  ;  (  -  , 

• 

• 

• 

• 

_ , 

.-i  n  u  i:  w  e  I  t  ,  W  .  ,  "Hydrogen  t’  r  e  l  r  c  a  i  n  e  n  t  and 

al  !.xi  faction  of  Kentucky  Oil  f-halr",  paper 
at  1  ''  3  Eastern  Oil  Shale  S  >’  m  p  o  s  i  u  r.  , 

K  e  n  t  ur  k  V  ,  (1  98  3  )  , 

'  •  and  Chong,  S.,  "Supercritical  Fluid 
"1  i-M  1  iron  Eastern  Oil  Slialcs",  paper 
at  !‘tn3  Eastern  Oil  Shale  Symposiuni, 

1  e  n  t  ui  k  V  ,  (  1983). 

.  ,  (  r  1  s  p  ,  F . T  .  ,  Ellis,  J .  and  Bolton,  F . D .  , 

'  :;a  r  a(_  t  e  r  i  za  t  i  on  of  Shale  Oil  f  roiTi  Condor 
a.  1  ,  Vol.  b'j,  p.1274,  (  1  983). 

;  !  n  1.  V  c  1  o  p  i’ d  i  a  of  C  heir,  i  cal  Techno  logv,  Vol. 

t  ;  ■'!,  .  p  .  337  ,  (  1  981  )  . 

,  k  i  -  n. o n  t  !i  1  V  F r o  g  r c  s s  Report  p  r  e  s e  n 1 1' d  to 

n  1  !  ;  c  i’e  t  r  o  1  e  urn  ,  Sydney,  A  u  s  t  r  a  1  i  a  ,  (  J  u  1  y  - 


APPENDIX  A 

DATA  CORRECTION  PROCEDURE  j 

! 


T-3097 


88 


Data  Correction 

In  order  to  account  for  the  fact  that  the  0+  data 
points  were  not  isothermal  it  was  necessary  to  correct  them 
so  they  could  be  used  in  the  kinetic  analysis.  The  approach 
taken  to  correct  the  points  was  to  first  establish  the 
temperature  versus  time  profile  the  injected  slurry 
experienced  at  each  of  the  reaction  temperatures.  This  was 
done  with  the  aide  of  the  Apple  computer  which  was  programed 
to  take  temperature  data  points  every  1.4  seconds  after 
injection.  Figure  21  shows  a  representative  profile.  The 
interval  between  the  injection  time  and  the  time  it  took  the 
slurry  to  reach  the  desired  reaction  temperature  was  taken 
to  be  the  reaction  time.  With  the  reaction  time  established 


the  following  integral  involving  the  temperature  profile  was 
evaluated  numerically  using  Simpson's  rule  to  determine  the 

average  temperature  experienced  by  the  injected  shale: 

t_ 


'T''  = 


T(t)  dt 


The  organic  carbon  conversion  calculated  for  each  of 
the  0+  points  was  the  conversion  associated  with  the 
average  temperature.  As  a  result  it  became  necessary  to 
correct  the  organic  carbon  conversions  to  reflect  the 
conversion  that  would  have  resulted  had  the  slurrv  reacted 


under 


true 


isothermal  conditions. 


The  corection  of  the 
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organic  carbon  conversions  depended  upon  which  model  was 
chosen  to  adequately  describe  the  reaction  kinetics.  This 
being  the  case  the  0+  data  points  were  corrected  for  each  of 
the  three  models  attempted  using  the  following  expressions 
(See  Appendix  B  for  the  development  of  the  2nd  order 
correction  term); 


<T>/T 

1st  order  in  X;  Xc  =  1  -  exp(  -  (  -  ln(l  -  X)  ) 

1  <T>/T  -2 

3/2's  order  in  X;  Xc  =  1  -  (  (  -  1  )  +  1  ) 

(1  -  X) 

1  <T>/T  -1 

2nd  order  in  X:  Xc  =  1  -  (  ( -  -  1  )  +  1  ) 

(1  -  X) 


where; 

Xc  =  the  corrected  value  for  O.C.C. 

<T>  =  average  temperature 

X  =  known  O.C.C. 

T  =  equilibrium  temperature 

The  organic  carbon  conversions  for  the  5  and  30  minute 
runs  were  not  corrected  because  the  difference  between  the 
average  temperature  and  equilibrium  temperature  would  be 
negligible  resulting  in  little  or  no  correction  to  the 
conversions.  The  reaction  time  however,  was  slightly 
adjusted  by  adding  the  heating  time  required  to  get  ten 
degrees  below  the  equilibrium  temperature  in  order  to  have 
the  same  time  basis  for  kinetic  data. 
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Correction  for  Xc  f or  2nd  order  kinetics 

Begining  with  the  second  order  mass  balance  expression: 

dX  2 

-  =  k  (1  -  X) 

d  t 


Separating  and  integrating  using  the  initial  condition; 
X  =  0  at  t  =  0  results  in  the  following: 

1 

-  -  1  =  kt 

(1  -  X) 

» 

Ratioing  the  expression  for  Xc  and  X  at  <T>: 


1 

(  - 

(1  -  X) 


1 

(  - 

(1  -  X) 


1  )r 


^  <T> 


ko  exp  (  -  Ea/RT  ) 
ko  exp  (  -  Ea/R<T>  ) 


t 

Taking  the  natural  logrithm  of  both  sides  and 


simplifying: 


(1  -  X) 


-  1  )c  =  ( 


1  <T>/T 

(1  -  X) 


The  final  expression  for  X  ; 


Xc 


<T>/T  _i 

1  )  +  1  ) 


(1  -  X) 
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Run  Number;  KY  1 


Cond it  ions  : 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
794  psig 
19  C 
60  m.in. 

460  C 
2268  psig 

25  C  -  713  psig 
—  C  - - psig 


Chemical  Anal y  s i s 


Shale 


Ash 


%  Total  C  %  Inorganic  C 


%  Organic  C 


Feed  83.92  10.22 

Spent  94.00  2.89 


.032 

061 


10.19 
2 . 83 


Calculated  Yields 

Organic  Carbon  Conversion:  75.20  % 
Oil  Yield  :  -  ^ 


Gas  A n a  1  s  i  s 

Component  Mo  1  e  Component  Mo  1  c  i.'"' 


H:  -  C2H6 

n-C4  -  C2H4 

i_C4  -  CH4 

C3H8  C02 

C3H6  -  CO 

Ar  -  Kr 

H2S  - 


Mole  fractions  calculated  on  air  free  basis 


108 


7  -  -'(iu; 


Pun  N  u  n',  b  r  r  :  K  Y  21 


Conditions: 


V eight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
'■ijximium  Pressure 
Post  Reaction  Temp.+Press. 
(eas  Sample  Temp.  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
802  p  si g 
35  C 
10  min. 

350  C 
1974  psig 

34  C  -  879  psig 
28  C  -  248  psig 


0  h  V  m  1  c  a  1  A  n  a  1  \-  s  i  s 


S  h  a  1  e 

Ash  F  Total  C 

%  Inorganic  C 

%  Organic 

Feed 

Spent 

S().00  9.22 

8  7 . b  5  8.72 

.  003 
.  006 

9.22 

8.71 

0  a  1  c  u 

1  a  t  e  d  Y  i  ('  1  d  s 

Organ 
0  i  1  I’ 

ic  Carbon  Conversion: 
i  e  1  d  : 

7.190  % 

91.81  a 

( t  ti  s  A  n  a  1  V  s  i  s 

C  0  m  p  0  n  e  n  t 

Mole  Til 

Component 

Mole 

H2 

93.42 

C2H6 

n-C4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

.025 

C3HS 

.026 

C02 

.  048 

C3H6 

.044 

CO 

— 

Ar 

6.42 

K  r 

— 

H  2  S 

.018 

Mole  fractions  calculated  on  air  free  basis 


T- 3097 
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Run  Number ;  K  Y  20 
Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Fress. 
Gas  Sample  Temp.  +  Press. 


2  5  g  r  .  K  p  n  t  u  c  k  Shale 

1  00  g  r  .  (  V  a  c  c  u  n.  D  r  1  e  fi  . 

H2/Ar 
300  psig 
25  C 
10  min  . 

350  C 
1370  psig 

34  C  -  465  psig 

34  C  -  126  psig 


Chemical  Analysis 

Shale  T  Ash  %  Total  C  %  Inorganic  C  %  Organic  C 

Feed  84.68  9.22  .031  9.19 

Spent  86.61  8.75  .015  8.73 


Calculated  Yields 


Organic  Carbon  Con 

version: 

7  .  220 

er 

/© 

Oil  Yield 

: 

97 . 31 

/© 

Gas  A  n  a  1 s  s  i  s 

Component 

Mole  S- 

Com 

ponent 

Mole 

H2 

9  3.66 

C2H6 

.005 

n-C4 

— 

C2H4 

— 

:  -C4 

— 

CH4 

.060 

C3H8 

.  007 

CO  2 

.  083 

C3H6 

.014 

CO 

— 

Ar 

6.09 

K  r 

— 

H2S 

.085 

-  Mole  fractions  calculated  on  air  free  basis 


T-3097 
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Run  Number :  K  Y  19 

Conditions: 

Weight  of  Shale 

Weight  of  Solvent -Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
300  psig 
42  C 
60  min  . 

350  C 

1620  psig 

31  C  -  646  psig 
29  C  -  186  psig 


Chemical  Anal  i.' sis 


Shale 

%  Ash 

%  Total  C 

%  Inorganic  C 

%  Organic  C 

Feed 

87 . 55 

9.10 

.007 

9.09 

Spent 

88  .  70 

7.66 

.022 

7 . 64 

Calculated  Yields 

Organic  Carbon  Conversion:  17.04  % 


Oi  1 

Yield 

98.05  % 

Gas 

Anal  V  s i s 

Component 

Mole 

Component 

Mole 

H2 

93.74 

C2H6 

n  -C  4 

— 

C2H4 

— 

i-C4 

— 

CH4 

.075 

C3H8 

.009 

C02 

.118 

C3H6 

— 

CO 

— 

Ar 

6.06 

K  r 

_ 

H2S 

— 

-  Mole  fractions  calculated  on  air  free  basis 


T-3097 
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T-3097 
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Run  Number:  KY  13 


Conditions: 


WeightofShale  : 

Weight  of  Solvent-Tetralin  ; 
Atmosphere  : 

Initial  Gas  Pressure  : 

Initial  Temperature  : 

ReactionTime  : 

Reaction  Temperature  : 

Maximum  Pressure  : 

Post  Reaction  Temp . +Press  .  : 
Gas  Sample  Temp.  +  Press.  : 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
300  psig 
27  C 
60  min  . 

425  C 
506  psig 

30  C  -  228  psig 
25  C  -  -  psig 


Chemical  Analysis 


Shale 

%  Ash 

%  Total  C 

7o  Inorganic  C 

%  Organic  C 

Feed 

83 . 90 

9.45 

.  006 

9.44 

Spent 

92 . 89 

3.60 

.059 

3.54 

Calculated  Yields 

Organic  Carbon  Conversion:  66.13  « 
Oil  Yield  :  94.51  T 


G as  A n a  1  s  i  s 


Component 

Mole 

C  om  po  n  (’  n  t 

Mole 

H2 

92 . 26 

(  2  H  b 

.422 

n  -  C  4 

.0  38 

r2H4 

.  059 

1  -C4 

.  008 

C  H4 

1.25 

C3HH 

.  1  26 

00  2 

.112 

C3H6 

.  086 

CO 

— 

Ar 

4 . 33 

K  r 

— 

H2S 

1.31  1 

*  -  Mole  fractions  calculated  on  air  free  basis 


T-3097 
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Run  Number  :  K Y  12 

Conditions  ; 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 

Chemical  Analysis 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
797  psi  g 

26  C 

60  min. 

475  C 
2  2  777'  psi  g 

27  C  -  703  psig 
25  C  -  214  psig 


Shale  %  Ash  £  Total  C  £  Inorganic  C  ^  Organic  C 

Feed  84.22  9.52  .009  9.51 

Spent  94.66  2.37  .200  2.17 


Calculated  Yields 

Organic  Carbon  Conversion:  79.70  % 
Oil  Yield  :  90.64  % 


(  urn  pen  on  t 

Mole  'T’”- 

Component 

Mole  T' 

H2 

«1  .01 

C2H6 

.  406 

n  -  ( 

.  0  1  5 

C2H4 

.010 

i  -  C  4 

.006 

CH4 

2  .  33 

C  iHh 

.  1  5 

CO  2 

.  045 

C3H6 

.  0  1  3 

CO 

— 

Ar 

5.76 

K  r 

— 

H2S 

.210 

Molc'  tractions  calculated  on  air  free  basis 


1-3097 
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Run  Number:  K  Y  11 


Conditions  : 


Weight  of 

S  h  a  1 

2  3 

pr  . 

Kentuckt’  S 

W  e i u  h  t  of 

S  o  1  V  t  ■  n  t  - 1  o  !  u  e  n  e 

1  00 

Rc  • 

(Vaccum  Dr 

Atmosphere 

112 

/  Ar 

Initial  C 

as  I’rf'ssura 

797 

psi  g 

Initial  1 

t-  m  p  e  r  a  t  u  r  e 

o  ') 

C 

React  1  1 1  ri 

1  1  me 

60 

min. 

K  t' ac  t  1  o  n 

T  e  m;  p  e  r  a  t  u  r  t* 

4  50 

C 

l^hiximur’  1' 

t  e  s  s  u  t  e- 

2  1  80 

psi  g 

!'<ist  Rea( 

t  ini’,  1  em  p  .  +  F  r  e  s  s  . 

30 

C  -  751 

psi  g 

l .  a  s  S  a  n:  [j  1 

e  1  e  m  p  .  +  i  I  e  s  s  . 

30 

C  -  2  32 

psi  g 

(’  h  e  r  i  r  a  1 

An,i  1  V  s  i  s 

9  ha  1  e 

7  Ash  C  lotal  C 

■F  Inorganic 

C  %  Organic 

Feed 

S  2  .  7  ( *  9  .  a  6 

.069 

9.39 

Spent 

92.82  2.77 

.  197 

2.57 

Calculate 

d  Yields 

Organic  Carbon  Conversion: 

75  . 

59  « 

Oil  V  i  e  1  c 

: 

95  . 

05  7: 

r.as 

.A  D  <]  I  y  s 

C  0  rr.  p  0  n  e  n  t. 

Mole  «-"■ 

Component 

Mole  %■ 

H2 

<12.55 

C2H6 

.  196 

n  -  C  4 

.007 

C2H4 

.011 

1  -C4 

.004 

CH4 

1  .02 

C3H^ 

.114 

C02 

.025 

C3H6 

.028 

CO 

— 

A  r 

5.  70 

Kr 

— 

H2S 

.229 

a 


Mole  fractions  calculated  on  air  free  basis 


Kun  Nu!T’.  be!  ;  KY  lb' 


('  o  R  d  i  t  i  i;  n  s  : 


W  c‘  i  o  h  t  o  t  S  h  a  I  f ' 

W  1  e  h  t.  c)  i  S  o  1  V  e  n  I  -  T  o  1  u  e  n  e 
A  t  .Ti  o  s  p  h  t'  r'  e 

Initial  C'-a?  Pressure 

Initial  T  e  ir  p  c  r  a  I  u  r  c 

Reaction  Time 

Reaction  Temperature 

Y'  a  X  i  m  u  r.  Pressure 

Post  Reaction  Temp  . +Pr ess . 

C-as  Sample  Temp.  +  Press. 


2  5  gr.  Kentucky  Stiale 

lOCi  gr.  (Vaccum  Dried) 

H2/Ar 
800  psig 
22  C 
60  min. 

A25  C 
1500  psig 

22  C  -  780  psig 
21  C  -  248  psig 


C'  h  e  m  i  c  a  1  A  n  a  1  s  i  s 


S  b  a  1 


Ash 


'T  Total  C 


i  inorganic  C 


%  Organic  C 


1-  eod 

9 

.  6i'i 

9 . 62 

t e  n  t 

.  31 

3.24 

.032 

.112 


9.59 
3.  13 


r  a  1  c  u  1  vi  ;  (’  d  )'  i  ('  1  d  s 


( ' :  c  ,  i  n  i  (  far  h  o  n  0  o  n  v  c  r  s i o  n  : 
0  1  ;  i  1  t  1  d  ; 


70.7  5  % 

96.17  % 


A  n  >  1  !  s  i  s 

C  cj  m.  p  o  n  e  n  t 

Mole 

Component 

Mole 

H2 

93.47 

C2H6 

.132 

n  -  C  4 

.006 

C2H4 

.  007 

1  -C4 

.003 

CH4 

.  369 

r3HB 

.  1  79 

CO  2 

.033 

C3H6 

.05  3 

CO 

— 

Ar 

5.65 

K  r 

— 

H2S 

.093 

■"'ole  fractions  calculated  on  air  free  basis 


T-3097 

Run  Number:  KY  4 

Cond it i ons : 

Weight  of  Shale 

25  gr. 

Kentucky  Shale 

Weight  of  Solvent-Toluene 

100  gr. 

(Vaccum  Dried) 

Atmosphere 

H2/Ar 

Initial  Gas  Pressure 

800  psig 

Initial  Temperature 

21  C 

React  ion  T ime 

57  min. 

Reaction  Temperature 

42  5  C 

Maximum  Pressure 

2152  psig 

Post  Reaction  Temp, 

+  Pr e ss  . 

25  C  -  639 

psig 

Gas  Sample  Temp.  + 

Press . 

25  C  -  637 

psig 

Chemical  Analysis 

Shale  %Ash  % 

Total  C 

%  Inorganic 

C  % 

Organic  C 

Feed  83,43 

9.71 

.038 

9.67 

Spent  93.10 

3.12 

.  263 

2 . 86 

Calculated  Yields 

Organic  Carbon  Conv 

or  s i on  : 

73.50  % 

Oil  Yield 

-  % 

Gas  A  n  a  1  s  i  s 

C  om  p o  n  e  n  t 

Mole 

Component 

Mole  T- 

!i  J 

«2  ,  3  b 

C2H6 

.101 

n  -  C  4 

.  004 

C2H4 

.010 

1  -r  ^ 

— 

CH4 

.  497 

C  01^ 

.  02  7 

CO  2 

.014 

(■  IHo 

.  finf< 

CO 

— 

A  r 

t) ,  7  7 

Kr 

H  .  ; 

.  2  0  3 

-  Mol  (■  f  r  a  <  t  1  o  n  s 

t.iliulated  on  air  free 

ba  s  i : 

T-3097 


Run  Number ;  KY  2 

Conditions ; 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press, 
Gas  Sample  Temp.  +  Press. 

Chemical  Anal v sis 


25  gr.  K 

100  gr.  ( 

H2/Ar 
804  psig 
21  C 
30  min  . 

460  C 
2149  psig 

25  C  -  646  psig 

--  C  -  -  psig 


Kentucky  Shale 
( Vaccum  Dried  ) 


Shale 

Feed 

Spent 


%  Ash  %  Total  C  %  Inorganic  C  %  Or  gan i c  C 


83 . 92 
93.58 


10.22 

3.32 


.032 

074 


10.19 
3  ,  25 


Calculated  Yields 

Organic  Carbon  Conversion;  71.30  % 
Oil  Yield  ;  -  % 


Gas  Analysis 

Component 

H2 

n-C4 

i-C4 

C3H8 

C3H6 

Ar 

H2S 


Mole 


Componen  t 


C2H6 
C2H4 
CH4 
CO  2 
CO 
Kr 


Mole 


Mole  fractions  calculated  on  air  free  basis 


1-3097 
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Run  N  u  T.  b  u  r  :  K  Y  22 


Conditions: 


Weight  of  Shale 

25  gr.  Kentucky  Shale 

Weight  of  Solvent -Toluene 

100  gr.  (Vaccum  Dried) 

Atmosphere 

H2/Ar 

Initial  Gas  Pressure 

300  psig 

Initial  Temperature 

30  C 

React  ion  Time 

60  min. 

Reaction  Temperature 

450  C 

Maximum  Pressure 

1553  psig 

Post  Reaction  Temp.+Press. 

35  C  -  297  psig 

Gas  Sample  Temp.  +  Press. 

31  C  -  87  psig 

Chemical 

Analysis 

Shale 

%  Ash  %  Total  C 

%  Inorganic  C 

%  Organic  C 

Feed 

Spent 

86.00  9.47 

93.14  3.92 

.049 

.034 

9.42 

3 . 89 

Calculated  Yields 

Organic  Carbon  Conversion: 
Oil  Yield  : 

61.90  % 

92.45  % 

Gas  A  n  a  1 V  s i s 

Component 

Mole 

Componen  t 

Mole  % 

H2 

88.47 

C2H6 

.  360 

n  -C  4 

.017 

C2H4 

— 

i-C4 

.011 

CH4 

2.92 

C3H8 

.442 

CO  2 

.  198 

C3H6 

.156 

CO 

— 

Ar 

7.01 

K  r 

— 

H2S 

.  433 

Mole  fractions  calculated  on  air  free  basis 


Run  Number;  K  Y  23 


Conditions; 


Weight  of  Shale 

Weight  of  Sol\’ent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
React  ion  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


2  5  g  r .  Kentucky  Shale 

1 00  g  r .  (  V  a  c  c  u  m  Dried) 

H  2  /  A  r 
807  p s i  g 

25  C 

60  min. 

4  50  C 
3115  p  s  i  g 

26  C  -  bO  7  ps  i  g 
26  C  -  2  2  3  p  s  i  g 


Chemical  Analvsis 


S  I.  a  1  e 

S  Ash  %  Total  C 

0? 

/o 

Inorganic  C 

T  Organic'  C 

Feed 

85.35  9.30 

.  034 

cj  ^  2  7 

Spent 

96.39  2.76 

.  038 

2.72 

Calculated  Yields 

Organic 

Carbon  Conversion; 

7  3 

.99  % 

Oil  Y i e ' 

1  d 

9  3 

.  80  % 

C. a  s  Ana  1  v  s  i  s 


Com  po  n  e  nt 

Mole 

Component 

Mole  1 

H2 

90.90 

C2H6 

.  174 

n  -  C  4 

.004 

C2H4 

— 

i-C4 

.002 

CH4 

1.81 

C3H.^ 

.110 

CO  2 

.0  50 

C3H6 

.017 

CO 

.  049 

Ar 

6 . 87 

K  r 

— 

H2S 

— 

-  Mole  fractions 

calculated 

on  air  free  basi; 

1 


o 


Run  N  u  ni  b  c  r  ;  K  Y  L’  -Y 


Conditions: 


Weight  of  Shulc 

'1  r 

gr  . 

K  e  n  t  u  c  k  V  S  h  a  1  e 

Weight  of  S  o 1 u  0  n  t - T ( ■  !  u  t  •  n ( 

I  uo 

g  '  • 

(  a  c  c  u  n.  Dried  ) 

Atmosphere 

Hd 

/  A  r 

Initial  a  s  1’  r  o  s  s  u  i*  ( ■ 

p  s  i  g 

Initial  Temperature 

26 

C 

Reaction  Time 

lO 

min. 

Reaction  Temperature 

450 

C 

■'I  a  X  i  m  u  m  !  ’  r  c  s  s  u  r  e 

2520 

r  si  g 

Post  Reaction  Ten;  p  . +l’ress  . 

32 

C  -^7  29 

ps  1 

g 

Cl  a  s  Sample  T  (>  m .  +  Press. 

29 

C  -  198 

psi 

g 

Cliem  i  c  a 

1  A  n  a  1  V  s  i  s 

Shale 

T  Ash  T  Total  C 

-  Inorganic  C 

Organic  C 

F  e  e  (1 

84.52  D . 3  o 

.  0  3  ^ 

.  3  2 

S  p  0  n  t 

94.  so  3,(ik 

.  ''2  7 

3.1!  ■ 

Calculated  Y  i  c>  1  d  s 


f '  r  g  a  n i c  Carbon 

C  o  n  r  s  i  0  n  ; 

7  0  .  s  3  s 

0  i  i  Y  1  e  1  d 

1 

94  .  ()(.  7' 

C  a  s  A  n  a  1  v  s  i  s 

C  0  n;  [)  0  n  c 

nt  Mole  T- 

Component 

Mole 

112 

91.70 

C.21i6 

.  OBS 

n-C4 

— 

C2H4 

.016 

1  -C4 

— 

CH4 

.732 

C3H8 

.  177 

C02 

.  076 

C3ti6 

.  169 

CO 

— 

Ar 

f) .  7  3 

K  r 

— 

H2S 

.  309 

-  Mole  f  r  a  c  t 

ions  calculated 

on  air  free 

basis 

!-:  u  r;  N  u:"  !  ■  i,-  f  :  K  V  J 
Conditions; 


Weight  of  Shale 

25 

gr. 

Kentucky  Shale 

Weight  of  Sol\'ent-Toluene 

100 

gr  . 

(Vaccum  Dried) 

Atmosphere 

H2/Ar 

Initial  Gas  Prt'ssurt- 

301 

psig 

Initial  Temperature 

22 

C 

Reaction  Time 

10 

min  . 

Reaction  Temperature 

450 

C 

’Maximum  Pressure 

1983 

psig 

Pci  St  Reaction  Tern  p  . +1^  r  e  s  s  . 

28 

C  - 

247 

psig 

(as  Sample  Temp.  +  Press. 

28 

C  - 

68 

psig 

(  i.  o  T:  i  (  a  1  A  n  a  1  V  s  i  s 


Sha  1  e 

Ash  11  Total  C 

%  Inorganic  C 

%  Organic 

Feed 

S  p  e  n  t 

83.19  9.84 

93.00  4.50 

.035 
.  020 

9.81 

4 . 48 

C  a  1  c  u  1  a  t 

e  d,  Yields 

n  r  g  a  n  i  c 

Oil  Yiel 

Carbon  Conversion: 

d  : 

59.13  % 

96.27  % 

(•as  A  n  .a  1  S’  s  i  s 

Component 

Mole  T* 

Component 

Mole 

H2 

90.71 

r2H6 

.  64  0 

n  -C  4 

— 

C2H4 

.  020 

1  -C4 

.001 

CH4 

1  .42 

C3HS 

.  1  88 

CO  2 

.224 

C3116 

.  066 

CO 

.  459 

Ar 

6.81 

Kr 

— 

H2S 

.004 

M  o 1 o  fractions  calculated  on  air  free  basis 


Run  N'unber:  KY  29 


Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press, 
Gas  Sample  Temp.  +  Press. 


25 

gr  . 

Kentucky  Shale 

100 

gr  . 

(Vaccum  Dried) 

H2/Ar 

300 

psig 

21 

C 

10 

min. 

450 

C 

2256 

psig 

39 

C  -  39  7 

psig 

35 

C  -  1  10 

psig 

Chemical  Analysis 


Shale  %Ash  %  Total  C 

%  1  nor 

gan i c  C 

%  Organic 

Feed  83.90  9.65 

001 

9.64 

Spent  92.34  3.56 

• 

003 

3.  56 

Calculated  Yields 

Organic  Carbon  Conversion: 

66.70 

% 

0  i  1  Y  i  e  1  d  : 

97. 14 

% 

G  as  Analysis 

Component 

Mole 

Component 

Mole 

H2 

91 . 78 

C2H6 

.  190 

n  -C4 

.001 

C2H4 

— 

i-C4 

.002 

CH4 

1  .  26 

C3H8 

.  1  76 

C02 

.  240 

C3H6 

.095 

CO 

.317 

Ar 

5.73 

Kr 

— 

H2S 

.213 

Mole  fractions  calculated  on  air  free  basis 


T-  / 


Run  Number  :  KY  30 

Conditions ; 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temp  rature 
Maximum  Pressure 
Post  Reaction  Temp.+Press 
Gas  Sample  Temp.  +  Press. 


25  gr.  K 

100  gr.  ( 

H2/Ar 
303  psig 

30  C 

10  min  . 

4  50  C 
2532  psig 

31  C  -  433  psig 
35  C  -  113  psig 


Kentucky  Shale 
(I'accum  Dried) 


Chemical  Analysis 

Shale  %Ash  %  Total  C 


%  Inorganic  C  %  Organic  C 


Feed 

Spent 


84 . 40 
9  2  .  36 


9.34 

3.70 


.004 

.021 


9.34 

3.68 


Calculated  Yields 


Organic  Carbon  Conv 

e r  s  i  on  : 

63.97  % 

Oil 

Yield 

98.10  7c 

Gas 

Analysis 

Component 

Mole  %-“• 

Component 

Mole 

H2 

92 . 32 

C2H6 

.  167 

n-C4 

.010 

C2H4 

— 

i-C4 

.003 

CH4 

1  .  58 

C3H8 

.  102 

C02 

.  222 

C3H6 

.056 

CO 

— 

Ar 

5.54 

K  r 

— 

H2S 

— 

y. 

Mole  fractions 

ca 1 culated 

on  air  free 

basis 

1-30^1  7 
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Run  Number;  KY  31 


Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25 

gr  • 

Kentucky  Shale 

100 

gr  . 

(Vaccum  Dried) 

H2/Ar 

301 

psig 

22 

C 

10 

min. 

450 

C 

2897 

psig 

26 

C  -  549 

psig 

25 

C  -  1  19 

psig 

Chemical  Analysis 

%  Total  C 

9.35 
3.39 


Shale  £  Ash 

Feed  84,24 

Spent  92.82 


^  Inorganic  C 

.030 
.  032 


^  Organic  C 

9.32 

3.36 


C  a  1  c  VI 1  a  t  c  d  Yields 

Organic  Carbon  Conversion: 
0  i  1  Y  i  e  1  d  : 


67.28  % 

97.11  % 


G  a  s  A  n  a  1  s  i  s 

Component  Mo  1 e 

H2  - 

n-C4  - 

i-C4 

C3H8  - 

C3H6  - 

Ar  - 

H  2  S  - 


Component  Mole 

C2H6  - 

C2H4  - 

CH4  - 

C02  - 

CO  - 

Kr  - 


Mole  fractions  calculated  on  air  free  basis 


T-3097 


1  1 


Run  Number:  KY  3'J 


Conditions: 


Weight  of  Shale 

Weight  of  S o  1  e n  t  - T o  1  u t- n (' 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature- 
Reaction  Time 
Reaction  Temperature- 
Maximum  Pressure 
Post  Reaction  Temp.+ Press. 
Gas  Sample  Temp.  +  Press. 


25 

gr  . 

Kentucky  Shale 

1  00 

gr  . 

(Vaccum  Dried) 

H2, 

/  Ar 

300 

psi  g 

20 

( 

60 

min. 

4  5  0 

(■ 

2  6  00 

ps  1  g 

2  5 

r  -  52  3 

ps  i  g 

2  5 

(-12  0 

ps  1  g 

Chemical  Anal  vs  is 


Shale 

S  Ash 

Total  C 

%  Inorganic  C 

Z  Organic  C 

Feed 

83 . 36 

9.83 

.020 

9.81 

Spent 

91.04 

4.71 

.023 

4  .  (i  9 

Calculated  Yields 


C)rganic  Carbon  Conversion:  56.26  % 


Oil  Yield 

c- 

:  -  /c 

Gas  A  n  a  1 V  s i s 

Component 

Mole  Component 

Mole 

H2 

C2H6 

— 

n  -C  4 

-  C2H4 

— 

i  -C4 

-  CH4 

— 

C3H8 

-  C02 

— 

r  3H6 

-  CO 

— 

Ar 

-  K  r 

— 

il2S 

-  "-1 0  1  e  fractions 

calculated  on  air  free  ba 

s  i  s 

T-3IJ97 
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Run  NutT’.  ber:  KY  33 


Conditions: 


Weight  of  Shale 

Weight  of  Solvent- Toluene 

Atmosphere 

Initial  Gas  Pressure 

Initial  Temperature 

Reaction  Time 

Reaction  Temperature 

''1  a  X  i  m  u  m  Pressure 

Post  Reaction  T  e  m  p  .  +  P  r  e  s  . 

f’  a  s  Sample  1  e  m  p  .  +  Press. 


25  gr.  Kentucky  Shale 

100  gi.  (Vaccum  Dried) 

He 

301  p  s i g 
20  C 
10  min. 

450  C 
3  54  0  p  s  i  g 

25  C  -  607  psig 
25  C  -  140  psig 


Chemical  A  n  a  1 v  s  i  s 


Shale 


^  Ash  %  Total  C  ^  Inorganic  ^  %  Organic  C 


Feed  84.00  9.75 

Spent  90 .  3^»  4.47 


.020 

.027 


9.73 
4 . 44 


f  ci  1  c  u  1  a  t  ('  d  Yields 


Organic  Carbon  Conversion: 

0  i  1  Y  i  e  1  d  : 

Gas  \  ;■  a  1  y  s 

Component  Mole  T'”- 

57,56  % 

or 

C  om  p  0  n  e  n  t 

Mole 

H2 

C2H6 

n-C4  - 

C2H4 

— 

i-C4  - 

CH4 

— 

C3HS  - 

C02 

— 

C3H6  - 

CO 

— 

Ar  - 

H2S  - 

K  r 

— 

Mole  fractions  calculated  on 


air  free  basis 


T-3(iQ7 
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Run  Number :  K  Y  34 
Conditions  : 


Weight  of  Shale 

25 

gr  . 

Kentucky  Shale 

Weigfit  of  Solvent-Toluene 

100 

gr  . 

(Vaccum  Dried) 

Atmosphere 

H2/Ar 

Initial  Gas  Pressure 

302 

psig 

Initial  Temperature 

1  9 

C 

Reaction  Time 

10 

min. 

Reaction  Temperature 

4  5(i 

C 

Maximum  Pressure 

3  Yv'T 

ps  i  g 

Post  Reaction  Temp.+Press. 

24 

(■  -  5(.i(i 

>  g 

Gas  Sample  Temp.  +  Press. 

')  4 

C  -  102 

psi  g 

Chemical  Anal  \' sis 


S  h.  a  1  e 

T  A  s  h  % 

Total  C 

Inorganic  C 

%  Organic  C 

Feed 

83 . 20 

9 . 7  5 

.020 

9.72 

Spent 

91.75 

3.82 

.  028 

3.79 

C  a  1  c  u 

1  a  t  e  d  Y  1  1  d  s 

C'  r  c  a  n 

i  c  Carbon  C  o  n  \' 

r  s  i  0  n  : 

f>4 . 6 3  T 

Oil  Y 

1  e  1  d 

O' 

i.,!-;  A 

n  a  I  s  i  s 

( '  0  iT  p  0  n  e  n  I 

Mole 

Component 

Mole 

112 

C2H6 

n  -  C  4 

— 

C2H4 

— 

i  -C4 

— 

CH4 

— 

C  3'!  >■ 

— 

C02 

— 

1  i  i  '  1 

— 

CO 

— 

'\  r 

l  ;  J 

— 

Kr 

— 

■  :  ‘  t  I  a  f  t  1  a  n  s 

c  a  1  r  u  1  a  t  e 

d  on  air  free 

basis 

1-30“ 7 
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Run  Nurr:ber:  KY  35 


Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press 
Gas  Sample  Temp.  +  Press. 


25 

gr  . 

Kentucky 

100 

gr  • 

(  V  a  c  c  u  m 

H2/Ar 

300 

psig 

22 

C 

30 

min  . 

460 

C 

3099 

psig 

25 

C  -  611 

psig 

25 

C  -  142 

psig 

Chemical  A  n  a  1  \’ s  i  : 


Shale 

P  e  e  d 
S  [1  e  n  t 


: 

8  2 . 86 

0  3 .  1  9 


T  Total  C 

9.76 
3 . 02 


Inorganic  C  %  Organic  C 


.019 

.019 


9 . 74 
3 . 00 


Calc  u 1  a  t  e  d  Yields 

Oruarnc  Carbon  Conversion:  7  2.61  % 

( M  1  Y  1  e  1  d  :  -  % 


(  or  ;)i>  n  e  n  t 


n  -  C  4 

i 

r  ills 
C  3Ho 

Ar 


1  !  :  a  i.  t  I  I!  !i , 


Mo  1  e  Component 

-  C2H6 

-  C2H4 

-  CH4 

-  CO  2 

-  CO 

-  Kr 


raliulated  on  air  free  basis 


Mole 


i 


1 1  h 


Run  N  u  :ri  b  C'  r  ;  K  \  49 


Conditions: 


Weight  of  Shale 

Weight  of  S  o 1 V  e  n  t - T  o 1 u  c  n  c 

A  t  n;  o  s  p  h  r  r  o 

Initial  (>  a  s  Pressure 
Initial  Temperature 
Reaction  Time 
React  ion  Temperature 
■^I  a  X  i  m  u  m  F  r  e  s  s  u  r  c' 

Post  Reaction  T  e  ni  p  . +P  r  e  s  s  . 
C  a  s  S  a  m  p 1 e  1 e  m  p .  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Kr 
2  99  p  s  i  g 
20  C 
5  min. 

440  C 
2702  psig 

2  7  C  -  499  p  s  1  g 
25  C  -  0  psig 


C  h  e  n'  i  c  a 

1  A  n  a  1  V  s  i  s 

S  ha  1  e 

Ash  T  Total  C 

T 

I  nor 

gan i c  C 

%  Organic  C 

P  ee  d 

S4.45  10.04 

.  023 

10.02 

Spent 

91.42  4.84 

• 

006 

4  .  84 

(’air  u  1  a 

t  e  d  Y  i  r  1  d  s 

C  r  e  a  n  i  c 

Car  b  0  ri  C  o  n  v  e  r  s  i  o  n  : 

5") 

.  40 

07 

/c 

('ll  Y  1  (' 

1  d  : 

9  3 

.  50 

/c 

li  .  i  1  V  S  1  s 

C  o  r:  p  (■)  n  e  n  t 

Mole  T- 

Component 

Mole  i:- 

H2 

,  28 

02116 

.  09  2 

n  -  C  4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

.74  9 

C  311  s 

.  1  74 

CO  2 

.  344 

C  3H6 

O  O  •) 

CO 

.  079 

A  r 

— 

K  r 

.931 

H2S 

.  130 

-  Mole  fractions  calculated  on  air  free-  basis 


K  u  ii  N  u  r.  (i  ft';  K  Y  U 


('  0  n  d  it 

1 1'  n  s  : 

Weight 

of  Stia 

1  e 

2  3 

gr  . 

W  e  i  g  ti  t 

o  f  -  . .  1 

V  V 

n  t  -  1  u 

u  t'  n  e 

1  0(1 

gr  . 

A  t  ni  0  s  [■> 

t  i  e  r  e 

H2 

/Kr 

I  n  L  1  1  a 

1  (las  P 

r  (' 

s  s  11  r' 

2  96 

ps  i  g 

I  n  i  t  i  <1 

1  Tertijvc' 

r  vi 

t  u  r  ( 

4 

(■ 

React  i 

on  T  1  rr.i  ■ 

30 

min. 

K  e  a  c  t  i 

on  1  e  rr.  p 

<  1  f 

,a  l  11  r  e 

4  6  ( ' 

c 

“'1  a  X  i  rrai 

r:  Pres.'' 

U  I 

2  74S 

p  s  i  g 

r  o  s  t  K 

car.  t  ion 

! 

ervp  .  +1 

31 

('  -  471  p 

0  a  s  S  a  r;  p  1  <  ■  T  c- 

ep 

.  ->•  1  I 

« •  >  . 

2(.) 

C  -  (t  p  s  1 

f  ■  h  e  r,  i  c 

a!  Anal 

Slia  1  e 

^  As 

I ' 

'lal  r 

I 

n  c'  r  g  a  n  i  t  (' 

¥  V  e  d 

84  . 

1  T 

1  "  . '  ' 

.  0  i  6 

S  pent 

9  3  . 

1  (.1 

4  . 

.  (il  2 

(' a  1  c  u  1 

a  ted  Yi 

el 

d  s 

K  c  n  t.  u  c  k  >' 
(  V  a  c  c  VI  rr, 


g 


Or  gar 


o  _ 


4  .  C'  1: 


'  '  T-  C  . 
(1  i  ! 

lYa  - 


ini.  Car  lion  Con  vt  ’ 

r  1  t)  n  : 

6  3.60  71 

Y  1  e  1  (1 

* 

H'.i.OO  % 

A  n  a  !  'c  s  i  s 

i  o pone  n  t 

Mole 

Component 

Mole 

H2 

PI  .  71 

C2H6 

.  433 

n  -  4 

— 

C2H4 

— 

1  -C4 

.  0  3  8 

CH4 

4.73 

C  3H^ 

.  6  39 

C02 

.  883 

C3H(^ 

.  183 

CO 

.452 

Ar 

— 

K  r 

.926 

H2S 

— 

Shale 

Dried) 


IL  £ 

1 


Mule  fractions  calculated  on  air  free  basis 


T- 


1  34 


H  n  n  \  u r’.  b  t  ;  K  Y  4  / 


('  0  n  d  i  t  i  0  n  s  : 

Weight  of 

Sha  1  (■ 

2  5  g  r  . 

Kentucky  Shale 

W' fc'  i  g  h  t  of 

Sol  V  e  n  t  - 1  o  1  u  c'  n  e 

100  gr. 

(Vaccum  Dried) 

A  t  m  o  s  p  fi  c  r 

V 

H2/Kr 

Initial  (’ 

as  Pressure 

302  p  s i g 

Initial  1 

V  ni  p  c‘  r  a  t  u  r  e 

2 1  C 

React  ion 

T  1  rri  e 

5  min. 

R  C‘  act  i  V  n 

1  c  r.  p  c  r  a  t  u  r  e 

460  C 

a  X  i  r:  u  n-  P 

r  (s  s  s  u  r  e 

2432  psig 

P  0  s  t  R  e  <i  c 

t  i  o  n  T  er.  p  .  +P  less. 

27  r  -  40b 

psi 

g 

(i  a  s  S  a  r,  j)  1 

e  T  e  nip  .  4  Press. 

25  C  -  0  p 

si  g 

( '  h  e  r;  i  c  , :  1 

A  n  ti  1  \' s  i  s 

S  ha  I  e 

"  Ash  Tr.ta!  r 

Inorganic 

C 

17  Organic  C 

Pc'ed 

^4.1'  1  <  1 . 0 1 

.  0  U-. 

9.99 

s  p  c'  n  l 

5  4.1(1 

.  (ifi^ 

4 . 09 

('  a  1  c  u  1  ,i  t  f 

d  Y  1  e  1  d  s 

M  r  i;  a  ri  i  c  (' 

a  r  b  0  n  f '  c>  n  v  e  r  s  ion: 

6  2.70  1" 

1  i  1  1  Y  1  ('  1  .! 

• 

6  3  .  b  3  S 

(•as  Aral' 

s  i  > 

(  oni  p  M  n  c  n  t  Mo  1  i.'  ( '  o m  u  o  n  e  n  t  “'1  o  1  f ' 


H2 

0  7.14 

n  -('  4 

— 

1  -0  4 

— 

C'3Hb 

.Ill 

riH6 

.  090 

Ar 

— 

H2S 

.14  3 

C2H6 

.131 

C2H4 

.019 

CH4 

1.17 

C02 

.  255 

CO 

.  106 

K  r 

.  821 

Mole  fractions  calculated  on  air  free  basis 


T-3097 


Run  Number:  KV  46 


Conditions; 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  lime 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25  gr.  Kcntucks'  Shale 

100  gr.  (\accum  Dried) 

H2/ Ar 
300  p s i g 

24  C 

5  min  . 

460  C 
24  13  psi  g 

27  C  -  381  psig 

25  C  -  5  psig 


Chemical  Analysis 

Shale  %Ash  %  Total  C 

%  Inorganic  C 

7-.  Organic  C 

Feed  84.90  9.86 

Spent  92.58  3.91 

.015 

.012 

9.85 

3 . 90 

Calculated  Yields 

Organic  Carbon  Conversion: 

0  i  1  Y  i  e  1  (i 

63.91  % 

-  % 

Gas  A  n  a  1 V  s i s 

Component 

Mole  % 

Component 

Mole  %■"- 

H2 

C2H6 

_ 

n  -C 4 

— 

C2H4 

— 

i-C4 

— 

CH4 

— 

C  3H8 

— 

C02 

— 

C3H6 

— 

CO 

— 

Ar 

— 

Kr 

— 

H  2  S  - 

-  Mole  fractions  calculated  on  air  free  basis 


T-3097 
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Run  Number :  K  Y  45 

Conditions: 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

A  t  m  o  s  p  f  1  e  r  c 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
(.as  Sample  Temp.  +  Press. 

C  tu' m  i  c  a  1  A  n  a  1  v  s  i  s 

Shale  T  Ash  %  Total  C 

Peed  84.90  9.31 

S  ()  e  n  i  9  2.41  4.06 


C  .1 1  c  u  1  a  t  c'  (1  Y  1  (■  1  d  s 

Organic  Carbon  Conversion: 
(I  i  1  Y  1  (■  1  a  : 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
300  psig 
25  C 
5  min. 

440  C 
2463  psig 

25  C  -  482  psig 
25  C  -  1  psig 


To  Inorganic  £  %  Organic  C 

.014  9.30 

.019  4.04 


60 . 06  % 


t..i  r-  \  n  a  1  V  s  i  s 

Component  Mo  1  e  T-r-  Component  Mole  £■■ 


H2  -  C2H6 

n-C4  -  C2H4 

i-C/.  CH4 

C3H8  -  CO  2 

C3H(i  -  CO 

Ar  -  Kr 

H2S  - 


Mole  fractions 


calculated  on  air  free  basis 


1-3097 
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► 


1 


il 


I 


» 


I 


] 


I 


Hun  Number:  KY  44 

Conditions: 

Wei g  h  t 

of  Shale 

25  gr. 

Kentucky  Shale 

W  c  i  c  h  t 

of  Solvent-Toluene 

100  g  r . 

(Vaccum  Dried) 

Atmosph 

ere 

H2/Ar 

Initial 

Gas  Pressure 

300  psig 

Initial 

Temperature 

21  C 

Reaction  Time 

5  min. 

Reaction  Temperature 

420  C 

Maximum 

Pressure 

2435  psig 

Post  Reaction  Temp.+Press. 

30  C  -  542 

psig 

Gas  Sam 

pie  lemp.  +  Press. 

25  C  -  1  psig 

C  h  e  m  i  c  a 

1  A  n  a  1  s  i  s 

Shale 

Ash  T  Total  C 

71  Inorganic 

C  %  Organic  C 

Feed 

K4,q(i  o.'il 

.014 

9 . 30 

Spent 

8  '■i  .  3  4  3.34 

.016 

3.32 

C  a  1  c  u  1  a 

t  e  (1  Yields 

Organic 

C a  r  bo  n  0 o ii  v  e  r  s  i  o  n  : 

43.70  " 

Oil  Y  i  e 

1  d 

- —  —  /( 

(■’.as  Anal  s  ;  s 

(  fjm  p  n  n  (■  n  t  '-'ole  Com  po  n  e  n  t  ‘‘1  o  1  o 


H  2  -  ('  2  H  h 

n-C^  -  C2H.(* 

i-C4  (014 

C311K  CU2 

ClHf)  -  ro 

Ar  -  ^^r 

H2S  - 


*  -  Molt'  frartions  caltulatrd  on  air  free  basis 


I 


1  -  309  7 
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a 
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Run  Number :  KY  43 
Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Ar 
300  psig 
24  C 
5  min. 

400  C 
2105  psig 

34  C  -  513  psig 
27  C  -  3  psig 


Chemical  Anal y  s  i  s 

Shale  %  Ash  %  Total  C  %  Inorganic  C  %  Organic  C 

Feed  83.29  10.09  .008  10.08 

Spent.  87.48  7.77  -  1  ,11 


C  a  1  r  u  1  a  t,  e  d  Yields 


Organic  Carbon  Conversion:  26.60  % 

Oil  Yield  :  -  % 

(la  s  A  n  a  1  \  s  i  s 

Com  ;)o  n  e  n  t  Mole  ^  ■■■'  Component  Mole 

112  -  C2H6  - 

n-C4  -  C2H4  - 

i-C4  -  CH4  - 

C3HS  -  CO  2  - 

C3Hh  -  CO  - 

Ar  Kr  - 

H2S  - 


Mole  fractions  calculated  on  air  free  basis 


Run  Number:  KY  42 


Conditions: 


Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
Gas  Sample  Temp.  +  Press. 


25  gr.  K 

1 00  g  r  .  ( 

H2/Ar 
300  psig 
25  C 
5  min  . 

380  C 
2194  psig 

25  C  -  631  psig 

25  C  -  3  psig 


Kentucky  Shale 
(Vaccum  Dried) 


Chemical  Analysis 


Shale 

Feed 

Spent 


83 . 29 

86. 62 


Total  C  %  Inorganic  C  %  Or  g a  n i c  C 


10.09 

8.26 


.008 

.010 


10.08 
8.  25 


(  a  1  c  u  1  a  t  e  d  Yields 


o 


Organic  Carbon  Conversion:  21.40 

Oil  Yield  :  - 


Gas  A n a  1 v  s i s 

Component 

H2 

n-C4 
i  -C4 
C3HH 
C3H6 
A  r 
H2S 


Component 


C2H6 
C2H4 
CH4 
CO  2 
CO 
K  r 


Mole 


Mole  tractions  calculated  on  air  free  basi 


(  !  ;  1  '  ll 


1  ci:t 

iM  i:  1  1  (■ 

- 

Cl.  ‘  • 

it 

1,  '  !  ( 1  !  V  1  !  1  11  1  !;  ( 

1 

!i  _ 

\  1 

’  ■'  1  ’  ■ 

:  :i  :  •  1  a  1 

.  1  ■'  !'  r  ('  s  1-  a  r  ( ■ 

■1  1  1  1  ■ 

pa  1  C 

'nil  i  .1  1 

1  (■  :r  ;i  e  I  a  t  u  i a- 

:  1 

( 

•■(  .11  L  '  '  1 

11  1  ;  i:.f 

t(' 

it:  1  n  . 

K  1  ■  It  i  111 

r.  1  cn  por  a  t  u  re 

i  (j 

(' 

1  1  n,  u  r 

1 '  r a  ■  .i-  s  ti  ta  ■ 

:fioi 

p  s  i  c 

I'll.-  •  Ki- 

a  t  i  o  T  e  r.  p  .  + 1'  r  e  s  s 

H  a 

(  -  'i  "■  1  p  S  i  c 

o.i;-  Sar 

p  1  e  1  emp  .  •+-  I’r  ess  . 

-  •’ 

C  -  2  p  s  1  p 

( ’  h  e  C;  1  1  :i 

i  A  IT  <  i  1  V  s  i  s 

ha  1  ( 

A  s  It  r  T  0  1  a  1  C 

”  I  n  0  r  e  a  n  i  (  0 

Tr  Organic 

':■  ceil 

s  a  ,  2^*  1  ih  .  O'l 

.  00^ 

Ui.OS 

p  e  n  t 

AT,  All  7.0(1 

.OOh 

(1 .  99 

(hi  !  c  11  1 

.  a  t  e  il  Vie 

Ids 

Or  c  an 
(Ml  i 

it  Carbon 
i  e  1  (i 

Conversion  : 

3  3.^0 

O' 

<r 

( -  a  s  An  a  1  V  s  i  s 

Component 

Mole  S’“- 

Component 

Mole  X 

113 

C2H6 

— 

n  -  C  4 

— 

C2H4 

— 

r  -r4 

— 

CH4 

— 

C3118 

— 

C02 

— 

C3H(t 

— 

CO 

— 

Ar 

— 

K  r 

— 

H-’S 


Molt'  fractions  calculated  on  air  free  basis 


Run  N  un,  h  (■  r  ;  K  Y  38 


(  ’  o  n  d  1 1.  ions; 


Weight  of  S  h  a  1  e 

Weight  of  S o 1 V c n  t - T o 1 u c n e 

Atmosphere 

Initial  Gas  Pressure 

Initial  Temperature 

Reaction  Time 

Reaction  Temperature 

'■1.1  X  i  m  u  m  Press  u  r  c- 

R'ost  Reaction  Temp.+Press. 

(.as  Sample  Temp.  +  Press. 


25 

gr  . 

Kentuckx' 

100 

gr  . 

(  \'  a  c  c  u  m 

112/ Ar 

301 

psig 

21 

C 

30 

min. 

460 

C 

2  56  5 

g 

26 

C  -  490 

psig 

-- 

C  -  --- 

psig 

G  h  o  m i c  a  1  Analysis 

Shale  ^  Ash  %  Total  C  £  Inorganic  C  ^  Organ 


Teed  84.80  9 . 4  S 

Spent.  92.96  3.7  3 


.030 
.  047 


9.42 

3.70 


G  .1 1  c  u  1  1 1  (  ■'  d  Y  i  o  1  d 


Organic  Carbon  Conversion; 
( )  i  1  Y  i  c  1  d  ; 


64.14  % 

C' 

-  /c 


Gas  A  n  a  1 v  s  i  s 

C  o  m  p  o  n  e  n  t 


Mole  7  Component  M  o  1  e 


h: 

n  -G  4 
i  -G4 
G3118 
C3H6 
A  r 
H2S 


C2H6 

C2H4 

CH4 

C02 

CO 

Kr 


Shale 

Dried) 


ic  G 


fractions  calculated  on  air  free  basis 


T-30Q7 


1  2 


Run  Number  :  K Y  37 

Conditions; 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press. 
(ias  Sample  Temp.  +  Press. 


2  5  g  r  .  K  c  n  t  u  c  k  >■  Shale 

100  gr.  (Vac  cum  Dried) 

H2/Ar 
300  p s i g 
21  C 
30  min. 

440  C 
740  psi  g 
26  C  -  607  psig 
--  C  - - psi  g 


C  h  e  m  i  cal  Anal  s  i  s 

3  h  a  1  c  ^  Ash  %  Total  C  ^  Inorganic  C  T  Ci  r  g  a  n  i  c 

Reed  83.93  9.62  .039  9.58 

Spent  92.73  3.53  .050  3.48 


Calculated  Y  i  c'  1  d  s 

Organic  Carbon  Conversion; 
0  i  1  Y  i  c  1  d  ; 


67.18 


C7 

/c 

CT 


/o 


C'  a  s  Anal  y  s  i  s 

Component  Mo  1  e  Component  "'lole 

H2  -  C2H6  - 

n-C4  -  C2H4  - 

i-C.4  -  CH4  - 

C3H8  -  CO  2  - 

C3H6  -  CO  - 

Ar  -  Kr  - 

H  2  S  - 


Mole  fractions  calculated  on  air  free  basis 


T-3097 


Run  Number;  K  Y  36 


Conditions; 


Weight  of  Shale 

25  gr.  Kentucky  Shale 

Weight  of  Solvent-Toluene 

100  gr.  (Vaccum  Dried) 

Atmosphere 

H2/Ar 

Initial  Gas  Pressure 

301  psig 

Initial  Temperature 

23  C 

Reaction  Time 

10  min  . 

Reaction  Temperature 

450  C 

Maximum  Pressure 

2512  psig 

Post  Reaction  Temp.+Press. 

26  C  -  466  psig 

Gas  Sample  Temp.  +  Press. 

--  C  -  -  psig 

Chemi cal 

Shale 

Anal y  s i s 

%  A  s  h  % 

Total  C 

%  Inorganic  C 

( '  r  g  a  n 

1 

Feed 

82 . 68 

9.79 

,02  2 

.  7  ■ 

Spent 

93.21 

3.60 

.  0  20 

3  .  7  ^ 

Calculated  Yields 


Organic  Carbon  Conversion; 

0  i  1  Y  i  e  1  d  : 

67.49  % 

C" 

C.a s  Ana  1  V  s  i  s 

Component  Mole 

Component 

Mole 

H2  - 

C2H6 

— 

n-C4  - 

C2H4 

— 

i-C4  - 

CH4 

— 

C3118  ---- 

C02 

— 

C3H6  - 

CO 

— 

Ar 

H  2  S  - 

Kr 

—  - - 

I'  tractions  calculated  on  air  free  basis 


T- 30y 7 


137 


Run  Number :  KY  50 
Conditions; 


Weight  of  Shale 

25 

gr . 

Kentucky  Shale 

Weight  of  Solvent-Toluene 

100 

gr  . 

(Yaccum  Dried) 

Atmosphere 

H2/Kr 

Initial  Gas  Pressure 

300 

psig 

Initial  Temperature 

27 

C 

Reaction  Time 

30 

min  . 

Reaction  Temperature 

440 

C 

Maximum  Pressure 

2896 

psig 

Post  Reaction  Temp. 

+  r  r  e  s  s  . 

24 

C  -  588  psig 

Gas  Sample  Temp.  + 

Press . 

25 

C  -  3  psig 

('  h  e  m  i  c  a  1  Analysis 

Shale  %  Ash  % 

Total  C 

Tc  Inorganic  C 

Organic  C 

Feed  '4,45 

10.04 

.  023 

10.02 

Spent  '■J  3 . 08 

3.80 

.014 

3 .85 

C  a  1 c  u 1  a  t  e  d  Yields 

Orgeinic  Carbon  Conv 

c  r  s  i  0  n  : 

65  , 

20  % 

Oil  Yield 

• 

90. 

46  % 

ti  a  s  Analysis 

Component 

Mole  % 

Component 

Mole  %•"• 

H2 

95.81 

C2H6 

.  201 

n  -  C4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

1.77 

C3H8 

.  AbO 

C02 

.428 

C3H6 

.  189 

CO 

,118 

A  r 

— 

K  r 

,  904 

H2S 

,  116 

-  M  o  1  fractions 

calculated  on 

air  free  ba 

s  i  s 

T- 3097 


13 


Run  Number;  KY  51 


Conditions; 


Weight  of  Shale 

2  5  g  r .  Kentucky  Shale 

Weight  of  Solvent-Toluene 

100  gr.  (Vaccum  Dried) 

Atmosphere 

H2/Kr 

Initial  Gas  Pressure 

300  psig 

Init ial  lemperature 

2  2  C 

Reaction  Time 

30  min. 

Reaction  Temperature 

440  C 

Maximum  Pressure 

2259  psig 

Post  Reaction  Temp.+Press. 

29  C  -  380  psi  g 

Gas  Sample  Temp.  +  t'ress. 

25  C  -  0  psig 

Chemical 

A  n  a  1  V  s  i  ; 

1 

Shale 

%  Ash 

%  Total  C 

%  Inorganic  C 

T:  Organic  C 

Feed 

83 . 77 

10.25 

.02  3 

10.23 

Spent 

93.  73 

3.89 

.010 

3 . 88 

C  a  1  c  u  1  a  1 1' d  Vie 

Ids 

Or  gan i c  Carbon 

Conversi on  ; 

66.11  % 

Oil  Yield 

: 

91.15  % 

Gas  A  n  a  1  s  i  s 


Component 

Mole 

Component 

Mole  T-;:- 

H2 

96 . 04 

C2H6 

.  190 

n  -C  4 

— 

C2H4 

— 

i  -C4 

.013 

CH4 

1  .  56 

C3H8 

.  405 

C02 

.  377 

C3H6 

.  208 

CO 

.  126 

Ar 

H2S 

.116 

Kr 

.  961 

-  Mole  fractions  calculated  on  air  free  basis 


Run  Number:  K  Y  b  1! 


Conditions: 


Weight  of  Shale 

R  t  . 

R  1  ■  n  :  i;  r  k  V  S 

Weight  of  Solvent-Toluene 

1  (Id 

R  I  . 

(  \  .1  f  (  u  r  P  r 

Atmosphere 

Hd. 

K  r 

Initial  Gas  Pressure 

■;  i  1 1 

r  '  - 

Initial  Temperature 

d() 

( 

Reaction  Time 

TO 

min. 

Reaction  Temperature 

4dd 

C 

''laximum  Pressure 

Idfid 

p  S  ;  U 

Post  Reaction  Temp.+Press. 

d'l 

( '  -  'id! 

Gas  Sample  Temp.  +  Press. 

d  Y 

(  -  -.  J 

C  h  e  m  i  c  a  I 

A  n  a  1  V  s  ;  s 

S  h  a  1  e 

T  Ash  Total  C 

I  nor  gan  i  i 

( 

'■  (  1 

!'  u  a  11  i  (' 

F  e  e  d 

84  .  (d4  1  d  .  d  7 

.  d  1  7 

1  d  .  do 

S  p  e  n  t 

[1 2 . 9  2  2, .  7 

.r.iii 

.  ^<1 

Ca  ' 

1  c  u 1  a  t  e  d  Yields 

('r  s 
d  r 

:an.ic  Carbon  ('on  vi^r  s  i  on  : 

1  Y  I  e  1  tl 

()  a  .  ( ) 

9  3 . 30 

(.as  A  n  a  1  y  s  i  s 

C  on  pen  e  n  t 

Mole 

Component 

Mole 

lid 

9(1.69 

C2H6 

.  1  ('  3 

n  -C  4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

1.46 

C  3HS 

.  2  38 

CO  2 

.  3  08 

C3H() 

.  1  0(. 

CO 

.  0()6 

Ar 

— 

Kr 

.  872 

11  dd 

.  08  1 

-  v]  o  1  ( ■  t  I'  a  c  t  i  o  n  s 

calculated 

on  air  free 

b  a  s  i  s 

m 


:,>!  'Ic 
:  ;  c.  !i  i 

1  ()  h  1 
...  t 


. .  ;  \  ^  :  -  I  >  ■  1  u  .  Ti  f 

!'  !  I.'  U  !'  I 
:  .it  'j  !  <■ 

■ j.  I  - 1  .i  1  ti  t  ( ■ 

!-  "  il  !  (-■ 

...  n  1  'T'. )'  .  +  !'  r  ( 

I  (/;:.[■  .  i'  r  (•>  >  . 


J  >  yi. 

lO-  . 

!!  J  '  K  ! 

'I '  1  ^ 

J  ■'  ( 

J  0  r;  1  r;  . 

4:."  (' 

I’  ^  '3  p  s  1  g 

2^  r  -  513  psig 
2  5  C  -  A  p  s 1 g 


K  .  ■ t  u  c  k  V  Shale 
(  \  ti  (■  c  u  rti  Dried  ) 


,  \  :kj  i  V  -  1  - 


m 


n 


Ash  Total  C  £  Inorganic  C_  %  Organic.  C 


.•1  1 1 

^1.  .  DA 
kU  .  7  7 

1  ,1  *  ('  li  Y  i  c'  1  ri  s 


9.6  5 
A  .  53 


Me. ini.  (.irbon  Conversion: 
:  :  1  Y  ;  e  1  d  : 


5  7.01 
95. 31 


( . .  1 .  A  n  ,  1  1  V  s  i 


Con;  p o n e n  I 
!!2 

n  -C  A 
1  -CA 
C  3118 
0.3116 
Ar 
H2S 


Mole  %- 


88  .  A4 


.  56  5 
.  186 

.94  5 


Component 

C2H6 

C2H4 

CH4 

C02 

CO 

K  r 


9.65 
A  .  53 


Mole  %•: 

.  962 

6.03 
1  .  64 
.111 
1.11 


'I ole  fractions  calcultited  on  air  free  basis 


T-3097 


Run  Number :  KY  55 

Conditions: 

Weight  of  S  ha ] e 

Weight  of  Solvent-Toluene 

A  tmos  pher c 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
I'ost  Reaction  Temp.+Press. 
Gas  Sam  [lie  Temp.  +  Press. 

Chemical  Anal  \’ s  i  s 

Shale  %  Ash  %  Total  C 


I  ee  (i 
S  p  e  n  i 


83 . 20 

89.  54 


9.71 

5.32 


Kentucky  Shale 
(Vaccum  Dried) 


2  5  g  r  .  K 

1 00  g  r  .  ( 

H  2  /  K  r 
50  psi g 

24  C 

30  min. 

400  C 
2245  psi g 

25  C  -  474  psig 
25  C  -  1  psig 


%  Inorganic  C  %  OrRanic  C 


Qi 


(  ale  u  1  a  t  d  Yields 

( '  r'  g  a  n  i  c  ('  a  r  b  o  n  Conversion: 
0  i  1  Y  i  e  1  ti  : 


49.09  % 

97.61  % 


C.a  s  A  n  a  1  s  i  s 

Component 


Mole 


Componen  t 


H2 

9  5.79 

C2H6 

n-C4 

— 

C2H4 

1  -C  4 

— 

CH4 

C3H8 

.116 

C02 

C311b 

.118 

CO 

Ar 

11  2  S 

.  832 

K  r 

-  '1  o  le  tractions  calculated  on  air  free  basis 


T-'309  7 


Run  Number :  K  Y  56 

Conditions: 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pressure 
Post  Reaction  Temp.+Press 
Gas  Sample  Temp.  +  Press. 


Chemical  Anal v sis 


Shale 


Feed 

Spent 


%  Ash 


83.74 

91.19 


9.46 

4.69 


dh  gr.  K( 

100  gr .  (1 

H  2  /  K  r 
50  psig 
25  C 
5  m.  i  n  . 

460  C 
2709  psi g 

28  C  -  479  psig 
25  C  -  6  psig 


Kentucky  Shale 
(Vaccum  Dried) 


Total  C  %  Inorganic  C  %  Organic  C 


9.46 

4.69 


C  a  1  c  u  1  a  t  e  d  Y  1  c'  1  d  s 

Organic  Carbon  C.onversion:  54.47  % 
Oil  Yield  :  96.75  % 


G  a  s  A  n  a  1  V  s  i  s 


(  oni  p  c>n  e  n  t 

Mole 

Component 

Mole 

112 

n  -  C  4 

1  -C4 

C  3  H 

94.13 

.  1  67 

C2H6. 

C2H4 

CH4 

CO  2 

.473 

3.13 
.  885 

C3116 

.IK) 

CO 

.  194 

Ar 

112'^ 

— 

Kr 

.  867 

Mole  fr.irtion'-  calculated  on  air  free  basis 


III 


K4 


K  u  n  Number;  K  V  57 


Conditions: 

V.' eight  of  hhale 

Weigtil  of  Sol^'t'nt-Toluene 

A  t  m  o  s  p  here 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
*'laximum  Pressure 
Post  Reaction  Temp. +Pr ess. 
Cas  Sample  Temp.  +  Press. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H2/Kr 
50  psig 
2  3  C 
5  min. 

440  C 
2650  psig 

25  C  -  517  psig 
25  C  -  2  psig 


Chemical  Analysis 


%  Total  C 


9.46 
4 . 70 


C  £1 1  c  u  1  a  t  f'  tl  Yields 


S h £]  1  e  %  Ash 

Feed  83.74 

Spent  91.06 


%  Inorganic  C 


Organic  C 

9.46 
4  .  70 


('  r  g  a  n  i 

c  Carbon  Conversion: 

54.31  % 

0  i  1  Y  i 

e  1  d 

• 

97.92  % 

(•as  Anti 

1  \' s  i  s 

Component 

Mole  %-"• 

Component 

Mole 

H2 

9  5.76 

C2H6 

.316 

n-C4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

1 . 94 

C3H.S 

.  1  52 

C02 

.629 

C3Hb 

.  109 

CO 

.125 

Ar 

— 

K  r 

.  963 

H2S 

— 

■'lole  ir  actions  calculated  on  air  free  basis 


1  -  'U  JQT 


Run  Number :  K  Y  58 

Conditions: 

Weight  of  Shale 

Weight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 
Initial  Temperature 
Reaction  Time 
Reaction  Temperature 
Maximum  Pre-ssure 
Post  Reaction  Temp.+Press 
Gas  Sample  Temp.  +  Press. 


25  gr.  K 

100  gr .  ( 

H2/Kr 
50  psig 

26  C 

5  min. 

400  C 
2360  psig 

28  C  -  544  psig 

25  C  -  1  psig 


Kentucky  Shale 
(Vaccum  Dried) 


Chemical  A  n  a  1  s  i  s 

Shale  T  A  s  h  ^  T  o  t  a  1  C 


Fee  d 
Spent 


83 . 84 
86  .  78 


9.74 

7.28 


%  Inorganic  C  %  Organic  C 

-  9.74 

-  7.28 


Calculated  Yields 


Organic  Carbon  C  o  n  v 

e  r  s  i  0  n  : 

27  . 

79  " 

Oil  Yield 

99. 

04  % 

Ga  s  A  n  a  1 v  p  i  s 

( om  po n r  n  t 

Mole 

Component 

Mole 

H2 

9S  .  47 

C2H6 

_  _  . 

n  -C  4 

_ 

C2H4 

— 

i  -C4 

_ 

CH4 

.  339 

C3H8 

.723 

C02 

.  444 

C3H6 

— 

CO 

— 

Ar 

— 

Kr 

.723 

H2S 

— 

-r  _  Mole  fractions 

calculated 

on 

air  free  basi' 

ur, 


F;u!i  Nun 

her:  KY  59 

Conditions ; 

Wei g  h  t 

of  Shale 

25 

gr.  Kentucky  Shale 

Weight 

of  Solvent-Toluene 

1  00 

or.  (Vaccum  Dried) 

A  t mo s  ph 

ere 

H2/Kr 

Ini t  i  a  1 

Gas  Pressure 

300 

psig 

Initial 

Temperature 

23 

C 

Reaction  T ime 

0  + 

min. 

Reaction  Temperature 

460 

C 

M  a  X  i  m.  u  m 

Pressure 

2331 

psig 

Post  Reaction  Temp.+Press." 

28 

C  -  402  psig 

Gas  Sample  Temp.  +  Press. 

26 

C  -  1  psig 

Chemical  Anal v sis 

Shale 

T  Ash  %  Total  C 

%  Inorganic  C  % 

Organic  C 

Feed 

83.30  9.B1 

_ 

9.81 

Spent 

91,82  4.10 

— 

4.19 

('  a  1  t  u  1  a  t  e  d  Y  i  e  1  d  s 

0  r  g  a  n  i  ( 

Carbon  C  o  n  v  t'  r  s  i  o  n  : 

61.2 

5  T 

Oil  Yie 

1  d  : 

95.60  % 

oa^  Ana 

!  >'  s  i  s 

oil;  p on  e  n  t  M(;  1  (>  5 

C om  p  0  n  e  n  t 

Mole  % 

H  2  97. 7t) 

C2H6 

.064 

n-C4  - 

C2H4 

— 

1-C4  - 

CH4 

.  803 

(  Kis.  .00  7 

CO  2 

.  144 

(  '.Ho  .14  1 

CO 

.054 

A  r  - 

Kr 

.9  24 

.  1 

!  t  a  (  I  1  o  n  t  a  1 1  u  1  a  t  e  d  on 

air  free  basis 

K  u  n  N  u  m  b  t‘  r  ;  K  Y  (>  0 


Conditions; 


Weight  of  Shale 

Weight  of  S o 1 V e n t -To  1 u en e 

Atmosphere 

Initial  Gas  Pressure- 

Ini  t  ial  Temperature- 

Reaction  Time- 

Re  a  c  t  i  o  n  Temperature 

*-1  a  X  1  m  u  m  Pressure- 

Post  Reaction  T  e-  m  p  .  +  P  r  e  s  s  . 

Gas  Sample-  Temp.  +  Pre-ss. 


25  gr.  Kentucky  Shale 

100  gr.  (Vaccum  Dried) 

H  2  /  K  r 
300  psig 

27  C 

0+  min. 

440  C 

2180  psig 

28  C  -  406  psig 
27  C  -  1  psig 


C  h  e  m  i  c  a  1 


Anal  V  s  i  s 


Sha  1  e 


£  A s li  ^  Total  C  £  Inorganic  £  %  Organic  C 


Feed  83.11  9.88 

S  J.I  t-  n  t  8  9.67  5.50 


9.88 
5.  50 


C  a  1  c  u  1  a  t  e-  d  Yields 


Organic  Carbon  Conversion; 
( ’  i  1  Y  i  e  1  d  ; 


48 . 40 
97.68  5 


(.US  A  n .  1  1  s  i  s 

('  0  m  p  0  n  e  n  t 

Mole 

Component 

Mole 

lid 

98,63 

C2H6 

— 

n  -C4 

— 

C2H4 

— 

i-C4 

— 

CH4 

.  288 

C3H8 

.035 

CO  2 

.  109 

C3H6 

.060 

CO 

.005 

Ar 

— 

K  r 

.  863 

112  8 

— 

-  ’-lole  fractions  calculated  on  air  free  basis 


'1  -  'v  : 


148 


Run  N  u  n  b  c  r ;  K  Y  61 


Conditions; 


Weight  of  Shale 

Wc-ight  of  Solvent-Toluene 

Atmosphere 

Initial  Gas  Pressure 

Initial  Temperature 

Reaction  Time 

R(' act  ion  Temperature 

■"1  a  X  i  m  u  m.  Pressure 

Pc)st  Reaction  Temp.+Prcss 

Gas  Sample  Temp.  +  Press. 


25 

gr  . 

100 

gr  • 

H2/Kr 

300 

psig 

29 

C 

0+ 

min. 

380 

C 

2  2  2 

psig 

25 

C  - 

25 

C  - 

Kentucky  Shale 
(Vaccum  Dried) 


6  psi  g 
psig 


Chemical  An  a  1 v  s i s 


Shale  T  Ash  % 

Total  C  % 

I  nor  gan  ic  C 

%  Organic 

Feed  83.52 

9. 74 

____ 

9 . 74 

Spent  85.60 

8.83 

— 

8.83 

Calculated  Yields 

dreanic  Carbon  C' on  version:  11 

.55  % 

1  i  1  Y  i  c'  1  d 

:  96. 

60  % 

(■a  s  A n a  1  V  s  i  s 

Component 

Mole 

Comp o n  c n  t 

Mole 

112 

98 . 90 

C2H6 

_  _  —  ^ 

n  -C  4 

— 

C2H4 

— 

1  -C4 

— 

CH4 

.  100 

C  3HS 

.011 

C02 

.078 

C3H() 

.015 

CO 

— 

Ar 

— 

K  r 

.  803 

11  2S 

.  09  3 

■}. 

c 

1 

calculated  on  air  free 

basis 

T- ju<t: 


1  4(* 


Run  N  u  rri  b  c  r  :  K  Y  b2 


Conditions: 


Weight  of  S  ha  1  c 

25 

gr  . 

Kentucky 

Shale 

Weight  ot  Solvent-Toluene 

100 

gr  . 

(  V  a  c  c  u  m 

Dried  ) 

Atmosphere 

H2 

/  K  r 

Initial  (>as  Pressure 

300 

psi  g 

I  n  i  t  1  a  1  1  t' m  p  e  r  a  t  u  r  e 

23 

C 

Reaction  T  i  mt' 

0  + 

min. 

Reaction  1 e  m  p  e  r  a  t  u  r  c 

420 

C 

Max  1  n;  um  P  r  e  s  s  u  r  e 

2  54S 

psi  g 

P  0  s  t  K  e  a  i  t  1  u  n  T  e  ni  p  .  +  P  r  e  s  s  . 

28 

C  - 

548  ps  i  g 

iois  San;ple  Ten;p.  +  Press. 

2  5 

C  - 

0  psig 

('tier:  ;  (.,  a 

1  A  n  a  1  s  1  - 

Stia  1  e 

"  Ash  " 

lotal  C 

"  Inorganic  C 

c  Organic  C 

1  eed. 

^'.71 

“ .  o: 

9 . 62 

8  ten  t 

^  7  .  <1  5 

7.115 

— 

7 . 05 

Ca 

1  (  u  1  a 

t  e  > 

1  Y  1  e  1  d  s 

dr 

u  .1  ri  1  (' 

('. 

1  r  b  0  n  C  0  n  \'  e  r  s  i  0  n  ; 

30  . 

2  5 

c* 

0  i 

1  Y  i  0 

1  d 

; 

0  7  . 

■y' 

has  A  n  a  1 V  s  i  s 

(  oni  p  o  n  t'  n  t 

l£  I-' 

Componen  t 

I'l  o  1  e  ^ 

11  2 

.  70 

0  2116 

____ 

n  -  f  4 

- 

— 

02114 

— 

1-0  4 

- 

— 

0H4 

.  09  8 

(■  ill  s 

0  3  7 

00  2 

.  086 

C  311b 

nz*s 

00 

— 

A  r 

- 

— 

K  r 

.813 

- 

— 

-  '■ale  t  r  a  i  t  1  o  n  s 

ca  1  f 

u  1  a  t  i-  d 

on  air  free  b a  s i ; 

5 

R  11  n  N  u  n  h  r  r  :  K  ^  b  ' 

Conditions: 

Wiight  ot  Shalr  :  25  gr.  Kentucky  Shale 

W  ('  i  g  h  t  of  S  o  1  V  e  n  t  -  '1  o  1  u  c-  n  i'  :  1  U  0  g  r  .  ( \  a  c  c  u  m  Dried) 

A  t  n  o  s  p  h  c-  r  c  :  H  2  /  K  r 

Initial  C  a  s  Pressure  :  313  p  s  i  g 

I n i t i a  1  T em p e r a t u r e  ;  30  C 

K  e  a  c  t  i  o  n  T 1  m  c  :  0  +  m  i  n  , 

Reaction  Temperature  :  ^00  C 

'■laximun.  Pressuic-  :  2  562  psig 

Post  Ketiction  1  emp  . +P  r  e  s  s  .  :  2  5  C  -  599  psig 

(.as  S a m p  1 1'  Temp.  +  P i' e s s  .  :  25  C  -  0  psig 

C  ti  e  r;  i  (,  a  !  Analysis 

Shale  Ash  Total  C  %  T  nor  gan  i  c  C  %  Organic  C 

eel  S2.64  9.S()  -  9.86 

c  j]  (  I '  t  -S  ) ,  s  ( t  8  .  S'  t)  -  8.80 


C'l  U  Li  1  a  t  ed,  Vi,  Ids 


( 1  r  c  a  n  i  t 

(Sir  bon  Convei 

r  ^  i  0  n  : 

14.04  :: 

Dll  i  i  e 

1  d 

• 

98.27  D 

D  1  --  A  n  1 

1  y  s  i  s 

('  'em  p  o  n  e  n  t 

Molo 

r  omponent 

Mole 

P.2 

98.95 

02116 

_ 

n  -C  ■i 

— 

C2H4 

— 

1  -04 

— 

rH4 

— 

C  3H^ 

.  008 

CO  2 

.  080 

C  AHC 

,  0  2  0 

CO 

— 

A  I 

— 

K  r 

.927 

P.2  V 

— 

Vm  I  1  ( '  f  r  a  c;  t  i  (1  ri  s  calculated  on  air  free  basis 


1  6  4 


'-7(:  VI  Ai'  4  HTAB  16;  PRINT  SFC(  4);;  HTAB  34;  PRINT  SPC(4) 

VTAl'  33;  HTABlb;  PRINT  TEMP;;  HTAB  34;  PRINT  HE; 

3^1!  II  TEMP  "  740  THEN  GOSl’B  720 

5'-m,)  PRINT 
600  GOTO  'VO 

6R'3  RFM  ;  1. 1  N  E  A  R  1 IGAT  I  ON  SUBPROGRAM  FOR  C  Al.CULAT  I  ON  OF 

HFATFR  TIMPFRATUKE  IN  DEGREES  C  FOR  A  J-TYPE  THERMOCOUPLE 

610  IF  V  ■  411  then  T  =  C  +  V  /  5.2;  RETURN 

620  IF  V  •  2733  THEN  T  =  C  +  79  +  (V  -  411)  /  5.527 

6301  RETURN 

64  ('  END 

645  RFM  ;  I,  I  N  E  A  R  I'/ AT  I  ON  SUBPROGRAM  TO  CALCULATE  REACTOR 

TEMP!  KATUK!  IN  DIGREFS  C  FOR  A  J-TYPE  THERMOCOUPLE 


6  5  0  1  I- 

\' 

26  THEN  T  = 

C  + 

V 

/ 

4.07; 

RETURN 

(0)0  IE 

\' 

54  then  t  = 

C  + 

80  + 

(V  - 

326  )  /  4.1  1 

:  RETURN 

6  7(1  IE 

E 

1 

ri7  THEN  T 

=  C 

+ 

160 

+  (  \ 

-  654)  /  4. 

02  : 

RETURN 

(1^0  IE 

\ 

1 

035  THEN  T 

=  C 

+ 

2  80 

+  (V 

-  1137)  /  4 

RETURN 

(iO(  )  I 

F  1  1  "  I:  N 
70' '  ! 

I 

\ 

2032  THIN 

I  = 

C 

+ 

470  + 

(V  -  1935) 

4.26: 

\' 

3014  THIN 

'i  = 

c 

+ 

704  + 

( E  -  2  9  3  2  ) 

/ 

/ 

4.11; 

7  11^  1 

I, 

E 

4  2  7(1  THEN 

T  = 

c 

+ 

870  + 

(V  -  3614) 

/ 

3.94: 

]  1 


'1  :  AOIOMATIC  ALARM  IE  HFATFR  TEMPERATURE  FXC'FFDS  740 

( 

!  1 0-'  E'l  !  E  =  1  '!(>  loo 
-  ND  =  PI  I  K  (  -  16336) 

VC  ■  N  '  r  Fill';  K  FT  URN 

"'■V  F:'.'  :  ;!Fl  N  AN!)  CI.OSIU^  DATA  FILI  FOR  T!  ‘VU  F  AT''-' '  PROFILE 

'  ‘  i '  !'  -  =  ('H  K  E  (4  ■) 

'oo  PFINI  IV:  "(DON  ";F>:",L10” 

7  7.1  =  Df  4.  "WRIT!'  "  +  FT  +  ",R" 


7^1' 

Ei'K  I 

= 

1  TO  FT:  PRINT  WRS; 

J;  PRINT  X( 

7  o (i 

FK  IN'! 

■  WR 

PRINT  FL 

soil 

sill 

UK  I  N'l 
1  N  !' 

IV 

.  FOSE" 

T  -  i  ( I  7 


1  GJ 


7  7U  V  =  (V(N)  -  V(U))  (. :  IF  N  =  1  THFN  GOSFB  6 1  fi 

280  IF  N  =  2  THFN  GOSl'B  650 
290  TFMP  =  INT  (T  +  .5) 

300  IF  N  =  1  THFN  GOTO  330 
310  IF  N  =  2  THFN  GOTO  570 
320  NFXT  N 

32  5  RFM  ;  OFTPUTS  Gl’RRFNT  RFACTOR  TFMPERATl'RF 

330  VTAP.  22;  HTAB  16;  PRINT  SPC'C  4);  VTAB  22;  HTAB  16; 

PRINT  TFMP 

335  RFM  ;  COMPFTFR  SEARCHES  KEYBOARD  TO  DETERMINE  THE  LAST 
KEYSTROKE  IN  ORDER  TO  DETERMINE  WHETHER  OR  NOT  IT  SHOULD 
BEGIN  TAKING  DATA;  S(  83  OR  211)  STARTS  DATA  AQl'ISITION,  Q(81 
OK  200)  QL'ITS  TAKING  DATA,  C(195)  RESETS  SET  POINT  TO  25  C, 
1(198)  ENDS  PROGRAM  AND  CLOSES  DATA  FllE  FOR  TEMPERATURE 
340  IF  FD  =  1  THFN  KK  =  KK  +  1 
350  IF  J  =  500  THFN  FL  =  J;  GOTO  750 
360  Z7.  =  PEEK  (  491  52  ) 

370  IF  ZZ  =  197  THFN  PRINT  CHRS  (7);  CHRS  (7);  CHR$  (7); 
GOTO  750 

380  IF  ZZ  209  AND  ZZ  81  THEN  400 

30(1  IF  FD(1)  =  0  THFN  FL  =  J;FD(1)  =  1;  PRINT  CHRS  (7); 
CHRS  (7);FD  =  0 

4ini  n  ZZ  =  105  and  FD(2)  =  0  THFN  TSFT  =  25;  PRINT  CHRS 
(  7  1  ;  I  D  (  2  )  =  1 

4  111  n  ZZ  2!1  AN!)  ZZ  •  83  THFN  430 

42(^  IF  FI)  =  0  THFN  PRINI  CHRS  (7);  CHRS  (  7  )  ;  FD  =  1 

4  01  11  rn  =  1  AND  KK  =  2  THFN  J  =  J  +  1  ; X  (  0  )  =  TEMP;  VTAB 

22;  HIAP  34;  PRINT  JKK  =  0 

4^5  RFM  ;  CALCULATFS  DIFFERINCF  BI. TWEEN  RFAC'TOR  TEMPERATURE 
AND  SET  POINT  IN  ORDER  TO  DETERMINE  IF  IT  IS  NECESSARY  TO 
OPEN  VAI  VI  CONTROLLING  C00L1N(.  WATER 
4411  !  =  I  +  1  ;TP  =  1  59  -  (I  /  1.3) 

45(1  IF  T  :■  TSFT  THFN  ()  =  4 

4tiO  IF  T  ■  TSFT  THFN  (,'  =  0 

470  IF  I  '■  2  58  THFN  1  =  1 

4S()  HC0L0R=  0;  HPLOT  l.Y(l) 

49(1  HC0L0K=  3;Y(I)  =  TP;  HPl.OT  l.Y(l) 

495  RFM  ;  CALCULATFS  DILI  1  RING}  BETWEEN  THE  REACTOR 

TEMPERATURE  AND  SET  POINT, THEN  FSIAPLISHFS  HEATER  OUTPUT. 

500  DT  =  TSFT  -  T 

510  IF  DT  ('  THFN  HE  =  0;  (,('T0  U  n 
520  IF  DT  ■  12.6  THFN  GOTO  550 
530  HE  =  INT  (DT  -  5) 

54  0  (;0T0  310 

5  50  liF  =  6  3 
5tiM  goto  310 

56''  HIM  ;  OUTPUTS  TH!  RFACTCiP  T 1  M  !T  i-' AT ' '  i  AN!  HiATPi 

T EM  PER  AT UR [ 


1 


1  - 


1  6:: 


(  ( ,  n:  }>  11 1  ( ■  I  listing  tor  program  u  t.  i  1  i  z  c  d  for  temperature 

control  of  reactor 

7  R1;M  :  DIMF.NSION  DATA  FILE  ARRAY  X(I)  AND  GRAPHICS  ARRAY 
Y(I  ) 

1(1  DIM  X(  AOU)  ,  Y  (  259  )  :  ,I  =  0:KK  =  0 

2fi  FOR  I  =  1  TO  259:  Y(I)  =  189:  NEXT 

25  KIM  ;  DEFINES  EENCTION  I’SED  TO  PERFORM  A/D  CONVERSIONS 
I(iH  TFRMOCOLFIO-  THERMOMETER 

:iO  DFF  FN  V(X)  =  (44  -  PEEK  (1146))  (  PEEK  (  1  274  )  *  256 

+  PEEK  (1402)) 

15  RFM  :  INPET  REN  PARAMETERS 

4(1  INFT'T  "DATA  El  1. 1  NAME:  ";FS50  INPUT  "SET  POINT 

( DFGRFFA  )  : " ; T  SET :  HOME 

55  REM  :  INSTRUCTIONS  TO  PRINT  HEADINGS  FOR  REACTOR 
TEMPERATURE,  HEATER  TEMPERATURE,  DATA  POINT  NUMBER  AND 
HEATER  (U’TPUT 

611  VTAP  22:  HTAD  1:  PRINT  "REACTOR  TEMP  =  HTAB  26: 

PRINT  "POINT  *" 

70  VTAIi  2):  HTAE  2:  PRINT  "HEATER  TEMP  =  HTAB  25:  PRINT 

"(O'l'i'UI  =  " 

s‘i  TX  =  150  _  TSUI  /  5.5 

s5  I  i  ;  INSTRUCTION;-  TO  DRAW  GRAPHICS  FOR  MONITORING 

R  ■;  tCT  OR  T1  MPER  ATURi' 

On  IK,:'  ;  iico|(iK=  HP!  'T  0,0  TO  0,159  TO  2  79,1  59 

0  N  =  0  TO  260  STIR  5:  IIPI.OT  N,TX  TO  N  +  1,TX:  NEXT  N 

lid  I  .  1 1 

Ijd  i  d'^'  N  =  "  To  125  ST  El’  5  2 

!  c  !  (;R  =  ('  TO  2tiO  STEP  10 

Ud  HPIOT  M.N  TO  M  +  5,N:  NEXT  M:  NEXT  N 

U',  RIM  :  ISTAIM.ISH  PARAMETERS  FOR  DETERMINING  TEMPERATURE 

0!  Ri  A(ToR(  k  AND  G  ARE  CONSTANTS  UNIQUI-  FOR  A  I-TYPE 
T  H!  RMOC(’UEl.t  NECESSARY  FOR  A  Ml  CONVERSIONS  TO  DEGREES 
CILCIl'd)  and  maximum  (U'TP’UT  or  HEATER(  HE  ) 

150  K  =  11.77:G  =  .«0O:(j  =  0:111  =  65 

lti(i  /  =  0 

165  REM  :  computer's  ADDITIONAL  A^D  S  D/A  CARDS  ARE  ACESSED 
TO  CALCULATE  REACTK  TEMEERATURE  AND  HEATER  OUTPUT 
170  POKE'  405  1  4,  () 

ISI!  POKl  4‘)400,HE 
ICd  I  OK  N  =  o  TO  5 

20d  (All  4MC(>4:  IE  N  =  I  GOTO  220 
2  10  POKE  14,  N  1  +  (.) 

220  V(N)  =  EN  V(X) 

2  10  \  I  -  Y  T  N 

2  4  d  (  =  ('.!■'  -  V  (  o  'I  )  /  K  -  2  7  5 

2'-''  10"  N  =  1  TO  ^ 

2(>d  11  N  -  '  THIN  GOTO  17o 


-30<^)7 


APPF.NDIX  F 

TF.Mi’t  K  MFKF  rONTROL  PROGRAM  LISTING 


T- 


159 


n 


a 


■ 


F 1 R u  r  e  29 

lotal  Ton  Chromatograms  of  the  Acid/Phenol  Fractions 


Hydropyrolysis  Oil 


I  ) 

'i  >i 


i  5 


» 


T- 


I'  i  R  u  r  e  2  8 

Total  Ion  Chromatograms  of  the  Base  Fractions 
H y drop  V  roly  sis  Oil 


I  -  5i“. 


1 


F  ^  c  u  r  (_■  2  7 

Total  Ton  ('!;  romatopran'is  of  the  Fourth  Aromatic  Fractions 

11  V  d  r  o  p  V  r  o  1  V  s  i  s  Oil 


1 


F i sure  2  5 

romatograms  of  the  Second  Aromatic  Fractions 
H y drop y roly  sis  Oil 


F 1  s  o  jL_. 

Ion  Chromatograms  of  the  First  Aromatic  Fractions 
Hydropyrolysis  Oil 

.  U  ■  “M.'.  ’  !  1 


:n 

'  Tfi  t  ii 


EH 


i 

m 


1  ; 


u  r  .  J  • 


1  Ion  C  h  r  orTiii  t  ol;  t  .1  rT:S  of  the  Alkcnr  1  r 


!i  V  d  f  o  [j  V  r  o  1  V  s  i  s  0  i  1 


1 1  I  .  I  V  O  (111 


I 


I  i  4!  u  r  t' 


lota!  Ion  Chrrir, atoj^rams  of  the  Napthcne  Fractions 

H  y  d  r  o  p  y  r  o  1  y  s  i  s  Oil 


D  r  a  V  o  f'  i  1 


T-  ii  i>i  7 


1  0  6 


('  o  ni  p  u  t  c  r  listing  of  the-  program  d  r  v  o  1  o  p  e  d  to  calculate- 
organic  carbon  conversion  and  oil  s  c  1  e  c  t  i  i  t  \' 


0  INPl’T  TS 

7  IF  T1  =  rilRl  (H9)  THFN  Id 

0  IF  TS  =  CHR$  (78)  THFN'  bU 
10  IF  Ti  =  CHRS  (81)  THFN  lOOd 
1  1  GOTO 

Id  PRINT  DS;"PR*1'' 

n  PRINT  "THIS  PROGRAM  IS  DFSIGNFD  T('  CAl.CI'LATF  THF  CARBON 
CON VF RSI  ON  AND" 


1 '>  PRIN'I  "OIL  YlFl.l).  ALSO,  A  HYDROGFN  BAI.ANCI  AND  CARPCO; 
PAF.ANCF  ARF  CALCl’LATFD" 

1  n  Li  7  V  'T'  ”  T  K'  r>  r  •  "T  X  11  r  n  n  z'-  r»  a  r-  1 1  am  •  t  tw  *  t  •  t“  /•  m  t  am  •  r-  .  t » 


1 " 

PRINT  " 

INPPT  TO 

THF  PROGRAM  SHOl'FD  PF  AS  FOLLOWS;” 

1  0 

PRINT  " 

»» 

d  1 

PRINT  " 

1  ) 

RPN  1 NDFNT 1 FTCAT ION" 

J 

PRIN'I  " 

d  ) 

APSOLLTF  RFSPONSF  FACTORS  IN  THIS  ORDER: 

J  ' 

PRIN'I  " 

lid  =  1  i-C4  =  5  C2HA  =  9" 

' ;  7 

PR  INI  " 

KR  =  d  H2S  =  6  C2H()  =  10" 

^  ‘ ' 

PRIM  " 

C'iH8  =  3  n-C4  =  7  CH4  =  11" 

1 

PH  IN  I  " 

CTHt)  =  4  end  =  8  CO  =  12” 

PRINT  " 

i  ) 

MOl.F  FRACTION  HYDROGEN  IN  FFFD  GAS" 

PR  INI  " 

A  ) 

MOLF  FRACTION  KRYPTON  IN  FFFD  GAS" 

I’KINI  " 

7  ) 

INHIAL  PKFSSPKF  (psig)" 

1“ 

PR  IN  I  " 

0) 

INITIAL  TFMPFRATLKF  (DFGRFFS  C") " 

-  ! 

PR  IN!  " 

7  ) 

MOLF  FRACTION  NAPHTHALENE  IN  " 

PR  INI  " 

s  ) 

MOLF  FRACTION  NAPlirHALiNF  OPT" 

A 

PR  INI  " 

0 ) 

GRAMS  SOLVENT  IN  " 

PRINT  " 

101 

GRAMS  SHAIF  IN  " 

PR  I N  r  " 

1 1  ) 

WEIGHT  FRACTION  OF  CARPON  IN" 

PR  INI  " 

1  d ) 

WEIGHT  FRACTION  CARBON  (Pdl" 

'  )  -4 

PR  INI  " 

1  3  i 

WEIGHT  FRACTION  ASH  IN" 

■  1  ) 

P  K  I  N '!  " 

1  A  ) 

WEIGHT  FRACTION  ASH  OPT” 

7  7 

PRINT  " 

1  7  ) 

WEIGHT  FRACTION  ORGANIC  CARBON  IN" 

"  <) 

I’RINI  " 

1  0  ) 

W!  IGfPT  FRACTION  ORGANIC  CARPON  OPT” 

t.  1 

PRINT  " 

1  7  ) 

Hd  AREA  " 

()■'. 

i’RlNT  " 

1  s  1 

KRYPTON  AREA" 

ti  7 

PRINT  " 

1  <>  ) 

Nd  AREA" 

0  7 

PR  IN  I  ’’ 

d'  1  ) 

("ills  AREA" 

ti ' ) 

PR  in;  " 

dl  ) 

CTHf.  AREA" 

7  1 

PRIN'I  " 

d  d ) 

i-fA  ARIA” 

/  -1 

I'R  I  N  i'  " 

d  ■) 

HdS  AREA" 

PRIM  " 

da  1 

n-C4  area" 

7  ~ 

P '■■  !  7  I  " 

C  7  ) 

i('d  ARIA" 

~  I  , 

I'R  1  N  ;  " 

J  f  t  ( 

Cd!!4  area" 

Pi  :  N I  " 

..  ) 

1  dHt>  area" 

’ 

Pi  IN;  " 

'  '( 

CH4  API  A” 

’  li 


(  ()  ARI  A  ’ 


^  J 

i'F  !  M 

”  3K  )  (  () 

ARIA" 

t.  ■ 

i  (  1  R  1 

=  1  TO  3  3 

4 

FR  1  ‘OI 

1 1  II 

s  A 

N  1  X  1  1 

I'R  1  \'I 

l)<  .  "PK  .-rfV’ 

^  7 

"  .  i;  V 

I  M’Ol 

"I  M'F  I  lOFAV’F^  DATi.  I'SINC 

TH  I  S 

FOR 

;  F  7 
s  >* 

r  R  I  N  -I 

"INFl'l  rii!  Ai 

■'SOI.FIF  RFSFON 

SF  FAOTORS 

1  OR  I 

=  1  TO  1'. 

9  1 

FR  1  N3 

"R("I”)  =  " 

(I  J 

I  NFF  1 

f:  c  1  ) 

0  i 

\  X  I  I 

<14 

FOR  1 

=  1  'lO  1'. 

<*3 

FRl  N'l 

"  R  (  I  "  )  =  "  ;  R  (  1  ) 

<u, 

NFXl  1 

FKIM  "10  1 

;  Nl'FT  0()KRFn 

(  Y  =  Y  : 

0;  N  = 

<)<) 

1  Nil"! 

1  F 

1 1)  1 

I  F  T  F 

=  01!  RF  (o<))  TllFN  in 

1  0  'i 

IF  ’IF 

=  01!  KF  (7h)  THFN  107 

1117 

OOTO 

0  7 

m: 

1  M'F 

T  "INFF'l  Til! 

NFMIM  R  01  111!  Kl'o 

FON  S' !' 

( '  0  R  R 

!  01  F!) ; 

1  1  !<' 

1  Nl'FT 

"INFFT  Til!  NFW  VaFFF: 

R(  1  ) 

1  I  ) 

COTO 

<<7 

1  1  7 

I  Nl'FT 

"Rl'N  IDINTI! 

I0A11ON  =  "-.A 

1  1  7 

FOR  1 

=  1  10  n 

1  1  7 

FR  I  M 

"C  (  "  1 ”  ^  =  " 

1  1  ^ 

1  NF'"1 

0(1) 

1  1  <» 

NIX’; 

5 

131 

FOR  1 

=  1  TO  37 

1  3  1 

FRl  N  T 

"0("1”)  =• 

■Vi  I  {  ( ”I 

+  1" 

)  =  " 

1  3  3 

1  -  1 

+  1 

1  3 

N  !  V  1 

1 

1  3-. 

FR  1  N  ’ 

"1-  All  111: 

I  N  FF'!  (  ORR  ■  <  ! 

(  Y  =  Y 

’>■;  N 

1  3  7 

1  NFFl 

1  7 

1  3  7 

IF  TF 

=  OHRF  (O'i 

)  THIN  141 

1 

11  1- 

=  OHRF  ( 7> 

;  THFN  I'M 

1  1 

l ,  ( 1  I  o> 

1  3  -4 

1  ' 

1  NFF 

T  "INFF!  T! 

il  NFMBFK  OF 

THi: 

DATA 

(  f '  K  H 

1  FT  '  ll ; 

"  :  1 

1  ' 

1  .  “■ 

1  \i'<'  r 
(  1  )  ^  ’ 

"INFl-l  TliF  ^ 

I  1  ' 

>!  W  VAI.l'i  :  "  ; 

( ( ,1) 

1  ’ 

1  4  1 

FF  =  R 

1  . 

(  1  )  R  (  3  ) 

'i  31  i 

Al'  =  ( 

1  (  ■  1  i  13.'.) 

+  1.0 

'  '■  i  ^ 

F' 1  -  0 

( 4  ^  4  3  ~  M  n 

4 

V  I 

:NoTt  niA'  1 

111  FoiiowiNo 

STA1  F 

Mi  NT 

11!  Ai’ 

‘  ■ 

o  i  1  .  3  '  3  ^  1 

!  I  F  R  0 

4 ' ' 

1  -  ( 

Ai  <  (■ .  3  3<*^  7 

'  '  (  .  t  '  0  3  1  :■ 

FT) 

730/ 84 


TO  BT. 


1  ) 


TO  PF 


A^^i;rMF>^  A  (;a 


i  - 


A  til! 

A''!  = 

'1,  7  ( 1 

R  PM 

4  4(1 

0  2  = 

4  A  ( ) 

0  2  = 

4f)(i 

NH  = 

47M 

DP  = 

4  7") 

D  2  = 

A  A  ( I 

MT  = 

3f)i! 

NM  = 

7  7  0 

NS  = 

7  A() 

N2  = 

7  00 

or  = 

(')Oi  1 

P  i  M 

S  1 1 1  1 

!'  (  n 

^  M  A 

H(  1  ) 

()( 11 

P(  7  ) 

111  1  A 

(  ,  1  I  1 

H(  2  1 

Mil' 

((I  ", 

11  '  ) 

!!(  ')  ) 

M  1  7 

!•'  (  4  ) 

1  w 

( <  '  1  ' 

iO  4  1 

“  J  ■> 

!'  'v  '  ) 

IK  7  ) 

'  J  7  1  1 

i-'l  -1 ) 

‘  ) 

H  (  ti  ' 

‘  J  .«  1  ! 

‘l 

!!  (  ■  ! 

\  i  'i  :  ' 

1'  f  ) 

u  ",  ", 

ti  1  -  ) 

‘Ml'  1 

!'  1  “  ! 

‘M  1  7 

li  (  ‘1  ) 

M  '■  1  : 

!■’  (  111) 

‘J  ~  7 

10  1  1  ) 

M  ^  i  1 

''11  = 

M  V 

Ml!  -- 

0  V  ■; 

1  nl 

C  J  S  '■ 

I  1  I 

^  M 

I  P  ! 

U  M  1,  1 

MI  = 

^  M! 

1 1  ‘ .  7 

‘•1 1 '  = 

4  Mli 

U  U  f . 

(.!  !  Ill 

uci  : 

^  t  ' 

1  .  - 

4-  ‘7  i 

(in'-* 

*■'  1  ■;  -- 

-  CCl) 

C  Ai.cri.A’i  1  (;as  coMPosn  ions 


01’ 


PR 


( (■(<.)  -  ('("))) 


lU  +  N 

:  i'ART  !I  -  VI  PIP  rAI.fPI.AT  I ONS 
=  A 


=  1  ti 

=  ( I 


=  1 


1  -  1  '!('  Ill 

=  f.  itil'.  <“'7 
=  111  THIN 
I  (  A  *  (  (  1  +  17) 


I  i  A'-; 


(  (  A 'I 


(  (  !  -i-  1  7  I 

(  i  1  +  17)  • 

1  :■  I 


R  (  I  +  A)  *  P.  (  1)  j  /  {C2 
K  (  1  +  A  )  -•  tU  1  )  )  /  (  (' ; 

K ( 1  +  A )  *  PCI))  /  ( r : 


R(  3) )  ) 
R  (  3  ) )  ) 

R(3) )  ) 


n  A'-:  "  ('(I  + 


R  (  !  +  3  ) 


B(  I  )  )  (  Cj  "  K(  2  )  )  ) 


H(-  =  i.()(i7M  -  MH 

1(1^7  (I  =  ((((77)  -  B(10)  *  R(r3)  +  (:(2'3)  *  B(b)  R(9))  ^ 

AM)  /  ((■_>  ■"  R(Bj) 

1(^77  ('(■  =  17.01  II  9  -  Cl, 

l"Au  HIM  ;  (  AI.CIM.ATF  OIL  VILLI) 

11711  SO  =  C'(  h  )  (0(11)  /  C'(  1  7  )  ) 

iiM)  cN  =  (C(s)  ('(9))  -  (SO  C:(1U)) 

117u  OY  =  ((CN  -  (■(. )  /  CN)  100. 

IISO  RLM  :  CALCLLATL  ORGANIC  CARBON  CONVLRSION 

17(0  PO  =  (1  -  ((SO  C(14))  /  (C(8)  C(13))))  100. 

174(1  RIM  :  CALCLLATL  PFRCFNT  HYDROGFN  C^,  N  S  I'M  FT  I  ON 

17  70  op  =  (CN  -  CC.  )  /  .83 

r7(.0  PH  =  (GC  /  OP)  lOO 

17f)7  uo  =  (((,(■  -  lie,)  /  OP)  -  100 

17  7(J  SF  =  (7  70  .9  3  79  .7  PH)  /  100 

17  7  7  YY  =  (3  70  -  .‘t  -  3  70  *  .7  *  WW )  /  100 

17  7  7  PKIN'I  1)7;  "PPM" 

177^  GOTO  141() 

1770  PRINT  "IHl  0!;T1''-T  is  AS  FOLLOW^  ;  " 

17^0  PR  IN  I  ;  PR  IN!  "KLN  I D1 NT  1 F I C AT  I  ON =  ";AS 
1400  PKIN'I  "(.RAMS  ('I-  HYDKOGFN  CONSl'MFD,  GAS  PHASF  =";n2 

1300  PR  IN  I  "(.RAMS  0!  HYOROGFN  CONSl’MFD,  SOLVFNT  =":N2 

1017  PR  IN  I  "i7KAM^  0!  HYDRO!, FN  ACCOl’NTFD  FOR  IN  H2S  AND  HC 
GAol  S  =  "  ;ll(. 

1)10  PRINT  "I'l'lAI.  (.RAM:7  OF  HYDROGFN  CONSl'MFD  =";(,C 

1  'U  7  PRINI  "TOIaL  gram:-:  OF  HYDRO 

GI  N  CONSLMF!'  BY  0 1  !,=  ";(•(  -  H(. 

137,11  PRlNl  "(.RAMS  ol  CARBON  IN  COX  GASPS  ="-,CC 

1)4(1  PRINT  "GRAMa  01  (  ARIMIN  IN  TOTAL  G.ASIS  =";CG 

r)7(i  print  "01!  Ylil.I),  7-  =";0Y 

Dti"  PRINT  "ORGANli'  (ARBON  CON  VI- RS  1  ON  , =";!'’() 

1)7(1  PKIN'I  "HYDRO!, IN  ( ON  S  I'M !' D  , ;  PH 
1)7  7  PRINT  "HYDKOGFN  CONSLMFD  BY  0 1 1. ,  "  =  "  ;  WW 
1 )83  FOR  I  =  1  TO  17 

1  )«4  PKIN'I' 

1)^7  N  !■  X  '  1 

1)0.  PKIN'I  DS;"PK-(i" 

1  ).^7  PRINI  "IS  AN'OTHI  R  HLN  WITH  TH  i  SAMI  DATA  DFSTRFD 
(Y  =  Vis;  N  =  NO).’" 

1  1^^  1  Nl'l'  T  TS 

r)8‘'  IF  TO  =  CHKS  (O'^o  THIN  14  1 

1)011  11-  TS  =  rilKL  (7^-)  THFN  1)0:. 

I  )0  1  (O'l'O  1  3s7 

1  PRINI  "is  AN'OTHI  R  ANAlYSlo  T'e  F !  rFFT'ORMlD  WITH  THF 

-AM;  R!01'('N-iI  I  ACTOR-'  (Y  =  Y1^;  N  =  N(’)" 

1  )o  7  I  NPLT  T  S 


T- 30«7 


1  4  U  7 

IF  T  5  = 

CHRF  (78)  THFN  1411 

1  4  U) 

GOTO  1390 

14  11 

PRINT 

"WOULD  YOU  l.TKF  TO  CllANC.i  A  FFW  OF  THF  DATA" 

(  Y  =  YK 

S;  N=NO) 

14  12 

INPUT  T 

C 

14  13 

IF  TF  = 

CHRP  (89)  THFN  120 

1414 

IF  TF  = 

CHRF  (78)  THFN  1600 

14  16 

PRINT  ” 

TAB(  60);BF 

14  17 

PRINT 

14  18 

PRINT 

14  19 

P  R  I  N  'I 

"PFLOW  ARF  THF  DATA  USFD  TO  GFNFKATF  THF  OUTPUT 

FOR” 

14  2(1 

P  R  I  N  T 

142  3 

PRINT  " 

FFFD  GAS  COMPOSITION" 

14  3(1 

PRINT 

"MOI.F  FRACTION  112  "C(l)"  M('LF  IFACIIMN  Ar 

(■(  1’  ) 


14  32 

P  R  I  N  T 

14  3  3 

P  R  1  N  T 

11 

INITIAL  CONDI T10N8" 

1  440 

PR  1  NT 

"TFM P . 

"0(4)”  DFGRLLS  ('"."PRISSURF  "('(3i"  j.mv" 

144  3 

PR  1  NT 

"(.RAMS 

SHALL  "0(8), "GRAMS  SOLV'Nl  "(  {  7  i 

1447 

PRINT 

14  30 

t'  R  I  N  T 

It 

WFIGHT  FFAOT I  ON  8" 

14  3  3 

PR  I  N" 

" 

0  A  R  po N  "  ;  T  A P  (  2  7)  ;  "  A  8  H  "  ;  I  A  F' '  1 

;  "ORl.ANl  C" 

14  60 

PR  1  NT 

"  I  N 

”0(9);  TAP(  2(0iG(11);  I  A ;' (  ^ 

14  6  3 

P  R  1  N  T 

"OUT 

"(  (  10);  TAP(  26):C(  12);  I  Al-O  8l  U 

14  70 

P  R  !  N  ■] 

147  3 

I'R  I  N  r 

"COMPONFNT  ARFA  RFSPf'NS'  lA(I'”r’" 

1480 

P  K  I  N  T 

"  112" 

.0(13);  TAB(  33);R(1) 

14^', 

PR  INI 

"  Kr". 

C(l(.);  TAP(  '■•■3) 

:  R  ( 2  1 

;  I  A  D  ( 

32  )  ; R( 

) 

1  4  .■'  ( 1 

PRINT 

"G  3H8" 

.  C  (  1  ^  )  .  R  (  4  ) 

14  8“ 

1’  R  I  N 1 

"(  311 6" 

,  0  (  1  P  )  ,  R  (  S  ) 

1  4“2 

P  R  1  N I 

"  i  -(-4" 

,0(20;,R(t.) 

14  9  3 

P  R  I  N  T 

"  H2S" 

,  0  (  2  1  )  .  R  (  7  ) 

1498 

PRINT 

"n-C4" 

.  0  (  2  2  )  .  R  (  8  ) 

130  1 

PR  INI- 

"  CO  2" 

.  0  (  2  3  )  .  R  (  9  ) 

1  304 

PRINT 

"02114" 

,(:(  24  )  ,  R(  10 

I  30  7 

PR  I  \  r 

"0  2116" 

,0(23),R(  1  1  ) 

13  111 

P  R  I  N  T 

”  GH4" 

.C(2(.).R(  12) 

1  3  n 

P  R  I  N  T 

"  00" 

.  0  (  2  7  ^  .  R  (  n ) 

13  13 

F(iR  I 

=  1  TO 

•4 

1  3  I  8 

f’  R  T  N  I 

13  2  1 

NFXI 

1  3  J 

1  ()'  M  ! 

(DTO 

FND 

2  7“ 

.M'lTNmX  G 


Vi  Nil  A!'  INl'l'T  AND  01' TP  I' T 


T-iu<r; 


1  7  2 


input  ('Lit  put  fur  the  ''■  ]  N  1  T  A  h  p  r  u  g  r  u  r: 


HINITmE'  release  81.1  COPYRIGHT  -  PEHN  STATE  UNIV.  1981 

JUNE  10»  1983  ti-t  Culocjijij  Scliuul  uf  hitit-s  ♦  [iECsy^>tfeni-1091 

STORAGE  AUAILA8LE  1<?800 

*:**  THIS  RELEASE  OF  MINITAP  IS  OBSOLETE  + 


--  READ  C1»C:? 


--  7.637».o07'° 

—  T.a'’2?>.17-13 

—  .-.''vj9f.0323 


--  BRIEF 

--  COilSTAilT 

--  REGRESS  ,  Cl  1  C2 

THE  REGRESSION  EQUATION  IS 
't  -  2.?o  +  7,87  >'.  1 


ST.  DEV. 

T-RATIO  = 

COLUMN 

COEFFICIENT 

DF  COEF. 

COEF/3. D. 

2 . 9599 

0  .  :  "  4  S 

7.90 

).  1  C2 

7.365 

1  .  C  2  2 

7*0? 

THE  ST.  DEO.  OF  Y  ABOUT  REGRESSION  LINE  IS 
5  -  O.Ao'lo 

UITH  (  3-  2)  ^  1  DEGREES  OF  FREEDOM 

R-SQUARED  -  98.3  PERCENI 

R-SQUARED  -  98.7  PERCENT,  ADJUSTED  FOR  D.F. 


ANALYSIS  OF  C'ARIANCE 

DUE  TO  DF 
REGRESSION  1 
RESIDUAL  1 
TOTAL  2 


SS 

11.112" 
.  1  E  E  8 
1  1  .  30  4  3 


M  S  =  S  S  /  D  F 
11.113.;' 

C  .  1  Sf  8 


END 


FILMED 


8-85 


DTIC 


